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Chapter 1
INTRODUCTION
Increased muscle mass in animals signifies efficient animal and meat
production in livestock and meat industry whereas increase in fat deposition
connotes inefficiency. Some 3.63 billion kg of excess animal fat is produced yearly
in the United States, and excessive fat in meat has become a major problem for the
animal industry. Consumers are avoiding the consumption of excessive fat in meat
because of the link between saturated fat of animal origin and coronary heart
disease. Health consciousness of consumers has created an economic need for
animal producers to maximize muscle production at the expense of other tissues.
Scientists are involved in numerous research projects to help the meat industry
respond to this new demand for high-quality lean meat.
Growth manipulation of agriculturally important animals can be enhanced by
understanding the cellular and molecular bases of growth regulation of such
important tissues as skeletal muscle, adipose tissue and bone. Particular emphasis
has been put on increasing muscle accretion and decreasing fat deposition, but the
nature of adipocyte development is not completely understood. Since growth and
development of adipocytes and their aggregation to adipose tissue comprise an
important phase in growth and development of animals, knowledge of conditions
and factors that promote adipose tissue development would aid in devising methods
to reduce body fat accretion and to enhance the production efficiency of meat
producing animals.Therefore, it is pertinent to conduct further investigation to
increase our understanding of adipocyte growth and development.3
One of the methods employed in the study of adipocyte developmentis cell
culture which allows investigators to monitor adipocyte developmentin a controlled
environment. There are two different cell culturesystems available: first, clonal cell
lines, adipose-like cells grown in an artificial environment;and second, primary
culture, stromal-vascular (S-V) cells obtained fromadipose tissue samples and
grown outside the animal for the first time. Each culture system has its advantages
and disadvantages but both methodsappear to be valid model systems to study the
process of adipocyte differentiation at the cellular and molecular levels.
Using cell culture systems several hormones and growthfactors have been
shown to influence preadipocyte proliferation and differentiation indifferent species.
However, suitable serum free media for cultures ofstromal-vascular cells from meat
producing animals have not been defined. Primary cultureof pig stromal-vascular
cells has largely been conducted inserum supplemented media. Serum contains
many components which can confound the results of hormonal and/orgrowth factor
treatments and since hormonal requirements have not beenestablished to study
differentiation of S-V cells from meat producing animals,a portion of this study was
undertaken to investigate the effect of such hormonesas insulin, glucocorticoid and
triiodothyronine on the differentiation of porcine S-Vcells in serum free culture.
Investigation of such hormonal influenceson the differentiation of preadipocytes in
porcine S-V culture was needed in order to attemptto establish optimal chemically
defined media to be used to study porcine preadipocytedifferentiation. A second
facet of the study determined variations in the abilityof S-V cells obtained from pigs
of different ages to differentiate, and the abilityof sera obtained from pigs of4
different ages to promote differentiation in culture.A third part of the study
focused on the ability of sera from pigs of different sexes, genetic backgrounds and
differing nutritional treatment as well as from different speciesto promote
differentiation of cultured S-V cells obtained from rats or newborn pigs.These
experiments were required in order to determine whetherserum borne factors are
responsible for differences in cellularity of young and mature pig adipose tissue and
whether serum factors have a significant influenceon the development of adipose
tissue of different strains of pigs.
Although some factors promoting growth and development of preadipocytes
in sera of other species have been identified, datasuggest the possible existence
of other yet unidentified factors.A final stage of this work included the
fractionation of pig and rat serum by molecular weight and comparisonof the
influence of different serum fractions on growth and development ofporcine S-V
cells using rat serum fractions as references sincesome fractions in rat serum
influencing preadipocyte differentiation and adipose conversion have beenidentified.
Utilization of these various approaches will help to elucidate factors and
mechanisms controlling adipocyte development.Ultimately, the identification of
hormonal, serum factor(s) and physiological control of preadipocyte growthshould
increase the potential for developing a physiological approach for manipulationof
adipose tissue accretion in meat producing animals. We should therefore be able
to increase production efficiency.5
LITERATURE REVIEW
Adipose Tissue Accretion. Adipose tissue is describedas a specialized type of
connective tissue made up primarily of adipocytes encircled bya collagen matrix;
it is vascular and innervated and contains other cells characteristic ofconnective
tissue (Slavin, 1985).Investigation of the order of growth at the cellular level
shows three distinct phases (Winick and Noble, 1965):Cellular growth is first
marked by proportional increases in cell size, protein and DNAcontent. This phase
represents hyperplasia, in which there is an increase in cell number while individual
cell size does not change. This stage of cell growth is followed bya transition
phase which is characterized by concurrent hyperplasia and hypertrophyor increase
in cell size; at this stage the rate of net DNA synthesis decreases whilecell size and
protein content continue to increase. Following this, further growth is bymeans of
cell hypertrophy, with no further increase in DNA synthesis.
Adipose tissue mass may be controlled by both hyperplasia and hypertrophy
(Hirsch et al., 1989). Overstimulation of these cellularprocesses ultimately results
in obesity. The respective contribution of cell size and numberto adipose cellularity
can be determined during a particular stage of growth. Measurement of cell number
in some breeds of pig during growth showed that cells continuedto increase in
number until 5 or 6 weeks of age (Gurr et al., 1977), indicatinga hyperplastic
period of adipose tissue growth exists. Severe feed restrictionto suckling pigs did
not change the number of adipocytes in the subcutaneous fat depot (Leeet al.,6
1973 a,b). Since cell number in undernourished pigs didnot differ from fully fed
pigs as a result of suboptimal nutritional status, these results indicatethat in the
fetal or early postnatal period of growth adipocyteprecursor cells proliferate
(hyperplasia), and this establishes a precursor pool of cells that increases insize
(hypertrophy). This however, does not mean that preadipocyte replicationceases.
Preadipocytes in postnatal pig adipose tissue stromal fractioncan proliferate and
differentiate in culture (Novakofski, 1981).
Cellular differentiation and hypertrophy appear tooccur more readily than
replication in adipose tissue of postnatal pigs during growth(Anderson and
Kauffman, 1973; Mersmann et al., 1975; Hood and Allen,1977).The same
phenomenon has been observed in the human (Naslunet al., 1988).Cell size
distribution in meat producing animals has been reported (Andersonand Kauffman,
1973; Mersmann et al., 1975; Hood and Allen, 1977).Increasing adipose mass is
associated with a biphasic distribution of cell sizes indicatingthat upon reaching a
critical size adipocytes replenish the adipocyte pool withnew cells (Allen, 1976;
Hood, 1977; 1982). It is not, however, known whether thenew cells come from
division or delipidation of the existing mature adipocytesor from filling of precursor
cells.
Methodology such as electronic particle counting (Coulter Counter)and
microscopy are not adequate in enumerating cell number sinceadipocytes have to
contain a certain amount of lipid before theycan be counted.Therefore, data
concerning hyperplasia are vague. Until there isa definitive marker to identify the
adipocyte during early stages of differentiation, the contributionof hyperplasia in7
increasing adiposity will remain unclear.
Morpholoav of Adipose Tissue Development. Histological features of whiteadipose
tissue (WAT) are reviewed and discussed elsewhere (Slavin, 1985). Fixationand
staining of adipose tissue shows primarily the shape of adipocytesas being
spherical or oval.Adipocyte profiles may be distorted by solvent during lipid
extraction in the processing procedure (Slavin, 1985). Lipid staining withoil red 0
shows that adipocytes contain a large centrally located lipid droplet.Other cell
types such as macrophages, fibroblasts, mast cells and leukocytesare notable in
WAT. Adipocytes in WAT are arranged into lobules whichare braced by loose
connective tissue stroma (septa), and individual adipocytesare supported by a
network of reticulum and collagen fibers thatare extended from interlobular septae.
Based on histological and enzymological studies, several celltypes have been
identified as precursors to adipocytes.Cells suggested as adipocyte precursors
include endothelial cells (Cameron and Smith, 1964;Desnoyers and Vodovar,
1977), perivascular reticulum cells (Wasserman, 1965; Simon,1965; Sheldon,
1969; Hermans, 1973) and fibroblastor fibroblast-like cells (Napolitano, 1963).
The results of studies on the origin of adipocytes have beenequivocal. Histological
and enzymological methods to document the developmentalsequence of the
adipocyte have been ineffective (Van, 1985).
Adipose Precursor Cells in Culture. Although the embryonic originof adipocyte is
doubtful,in vivo injection of a 3H-thymidine shows that newlysynthesized8
adipocytes come from primordial cells in the stromal fractionof adipose tissue
(Hollenberg and Vost, 1968; Greenwood and Hirsch, 1974;Gaben-Cogneville and
Swierczewski, 1979).Culture of adipose tissue S-V cells obtained fromhuman
(Adebonojo, 1975; Van et al., 1976; Hauneret al., 1989), rat (Van and Roncari,
1978; Bjorntorp et al., 1978, 1980), sheep (Broadand Ham, 1983) or pig (Hausman
et al.,1984; Ramsay et al.,1989a,b) under suitable conditions results in
morphological changes and increased expression oflipogenic enzymes typical of
adipocytes and identified with accumulation of lipids.The growth of S-V cells in
culture allows the evaluation of hormones and growthfactors influencing growth
and development of preadipocytes.Similarly, cell lines have been establishedto
study the physiology and development of adipocytes.Adipocyte-like cell lines, 3T3
fibroblasts developed from the Swissmouse embryo (Green and Kehinde, 1974;
1975) have been given a great deal of attentionover the decade. The ob17 cells
and subclones originating from epididymal fatpads of genetically obese ob/ob mice
(Negrel et al., 1978) have also been extensively studied.When cultured in suitable
media cell lines assume the phenotype andbiochemical characteristics of mature
adipocytes. Lipogenic enzymes suchas lipoprotein lipase (Wise and Green, 1978;
Spooner et al., 1979) and sn-glycerol-3-phosphatedehydrogenase (Grimaldi et al.,
1978; Pairault and Green, 1979)are expressed and differentiation-dependent
changes in gene expression are observed duringadipose conversion of 3T3 cells
(Spiegelman et al., 1983; Bernlohr et al., 1985; Cooket al., 1985; Philips et al.,
1986).9
Serum-free Medium for Culture of S-V cells. Serum containsmany components of
which some are poorly characterizedor have not been identified. Use of serum in
cell culture has inherent disadvantages in the studyof hormones and factors
regulating adipocyte development.The presence in serum of specific growth
factors and several undefined factorscan confound the results of studies designed
to evaluate the roles of these and other serumcomponents that influence growth
and development of adipose precursor cells.Therefore,culture conditions are
needed to provide a defined environment forundertaking comprehensive studies of
the regulation of adipocyte development and thephysiology of lipid accumulation
of normal cells.Recently, developments have been made in primaryculture
techniques to permit the study of adipose S-V cells inculture which make it
possible to identify factors controlling proliferationand differentiation of S-V cells
from rat adipose tissue (Des lexet al., 1987a; Serrero and Mills, 1987), sheep
adipose tissue (Broad and Ham, 1983), rabbitadipose tissue (Reyne et al., 1989)
and human adipose tissue (Hauner et al., 1989;Des lex et al., 1987b). Serum free
system similar to that described by Reyne et al., (1989) hasbeen used successfully
for the culture of porcine adipose tissueS-V cells (Suryawan, 1990).With
optimization, the serum free medium (Suryawan, 1990)provides us with a suitable
system to examine the development of porcine adiposeprecursor cells maintained
in a defined culture environment.
Nutritional Manipulation Effecton Adipocvte Development.Varyingcaloric
intake of the young rats during the suckling periodby manipulating litter size early10
in life showed that rats nourished in small littershad more fat cells in the epididymal
fat pad than those nourished in large litters(Knittle and Hirsch, 1968). Restriction
of feed intake to pigs after hyperplastic growth(6 to 40 weeks of age) induced
weight loss but did not reduce the fat cell number(Gurr et al., 1977) Upon removal
of feed restriction adipocyte number appearedto increase (Gurr et al., 1977).
Undernutrition of rats followed by rehabilitationresulted in a rapid deposition of
body fat (Harris, 1980). Chronic undernutritionimpaired fat cell replication and
rehabilitationfromundernutritioncausedincreasecellreplicationinthe
subcutaneous fat depots (Kirtland and Harris,1980). These results indicate that
upon applying nutrient restriction, mature fat cells depletetheir lipid contents
ultimately causing weight loss, but the cellsremained committed and became filled
when there was abundant food supply.The source of the new cells contributing
to the increase in cell number is not known.New cell may arise from precursor
cells or from the dedifferentiation ofmature cells. Using "ceiling culture", Sugihara
et al.(1986; 1987) have shown that matureadipocytes can dedifferentiate and
divide after depleting their fat stores.In contrast to the results in pigs andrats,
dietary restriction over a period of time in overweightwomen caused weight loss
and a reduction in both fat cell size andnumber (Sjostrom and William-Olsson,
1981). A number of studiessuggest that diet composition can influence adipose
cellularity.Feeding rats a diet containing elevated saturatedfat as opposed to
unsaturated fat resulted in an increase in fatcell number without any significant
weight gain (Lemonnier and Alexiu, 1974).An increase in adipocyte numbercan
result from overfeeding a palatable high fatdiet to rats (Faust et al., 1978; Klyde11
and Hirsch, 1979). Feeding of high fat dietsto lean and obese pigs resulted in more
carcass adipose tissue deposition in both strains of pigs (Mersmannet al., 1984).
Although cellularity data associated with the increasedadipose tissue deposition
was not provided, at least two phenomena are clearly possible: increasein size of
existing differentiated adipocytes and increase in adipocytenumber resulting from
proliferation and differentiation ofprimary preadipocytes.Overfeeding of rats
resulted in changes in sera to support differentiationand proliferation of adipocyte
precursor cells in culture (Jewell et al., 1988). Jewell et al. (1988) foundthat sera
from overfed (tube-fed) rats were able to decreaseadipocyte proliferation more than
sera from ad libitum fed rats, and sera from tube-fedrats were able to enhance
preadipocyte differentiation better thansera from ad libitum fed rats. Bjorntorp et
al. (1985), however, found that dietarystatus did not change the ability of plasma
to promoteproliferationandincrease theactivityofglycerol-3-phosphate
dehydrogenase when sera were addedto cultured cells around the time of
confluence, but it did change the rate at whichdifferentiated cells filled with lipids.
The effect of dietary status on the ability ofplasma to affect the rate of lipid-filling
of cultured preadipocyte was attributedto the variations in their very low density
lipoprotein contents. From all of the above, it isclear that nutritional manipulation
can be useful to study adipocyte development.
Steroid Hormone Effect on Adipocyte Development.Administration of estrogen or
synthetic glucocorticoid, dexamethasone inrats decreased adipocyte lipid content
while progesterone injection elevated lipid depositionin adipocytes (Krotkiewski and12
Bjorntorp, 1975; Wade and Gray, 1979; Steingrimsdottiret al., 1980). In cultures
of adipocyte-like cell lines and adipose S-V cells, steroidhormones such as
glucocorticoids promote adipocyte differentiation. The stimulation ofdifferentiation
by steroid hormone has been demonstrated inrat adipose precursor cells incubated
with progesterone (Xu and Bjorntorp, 1987). Aftertreating sera by heat to remove
any heat sensitive factors (Hauner and Loffler, 1986) or performing immunoaffinity
purification with growth hormone antibodies (Nixon and Green,1984) to remove
growth hormone, sera retainedpart of the adipogenic activity which was
attributableto glucocorticoids (Schiwek andLoffler,1987).Cortisol and
corticosterone are steroid hormones promotingmost actively the adipose conversion
in clonal cell lines (Feick and Loffler, 1986).Mineralocorticoids have weaker
glucocorticoid activity and can promote adipose conversionof preadipocytes only
when pharmacological concentrationsare used, while estrogens possess no
adipogenic activity (Feick and Loffler, 1986). The effectsof glucocorticoids have
also been demonstrated in cultures of S-V cells obtained fromrats (Wiederer and
Loffler, 1987; Gaben-Cogneville et al., 1990),humans (Hauner et al., 1987;1989)
and pigs (Ramsay et al., 1989a). Recently, Xu and Bjorntorp(1990) found that the
effect of dexamethasone on rat adiposeprecursor cell growth depends on the type
of medium, time period ofexposure and the presence of insulin.Effect of
glucocorticoids on adipose conversion of cellswas found to be augmented only in
the presence of insulin. Combination of insulin and glucocorticoidshas been shown
to promote adipogenic conversion of cultured TA1 cells (Chapmanet al., 1984).
Dexamethasone in combination with insulin caused theaccumulation of mRNA that13
are induced during adipocyte development of TA1 cells (Chapman et al., 1985). It
has been suggested that glucocorticoid effect on the expression of lipogenic
enzymes is similar to that of insulin (Gaben-Cogneville et al., 1990). However,
recent studies (Moustaid et al., 1990) have shown that dexamethasone decreases
glycerol-3-phosphate dehydrogenase mRNA level, a late marker of preadipocyte
differentiation during adipose conversion of 3T3-F442A cells. The resultson the
effect of dexamethasone on gene expressioninadiposecelllines during
differentiation are contradictory. It is possible that the different cell linesused in the
above mentioned studies have undergone alterations involving geneticchanges
which allow them to respond differently to the treatment.
Insulin Effect on Adipocvte Development. One of themost important hormones
regulating adipose tissue metabolism is insulin (Mersmann, 1979).Physiological
concentrations of insulin enhanced lipogenic capacity and promotedalmost
complete differentiation in primary culture of rat preadipocytes(Gaben-Cogneville
et al., 1983). Other researchers (Wiederer and Loffler, 1987; Hausman and Jewell,
1988) have also demonstrated the influence of insulinon the differentiation of S-V
cells from rat adipose tissue. Hausman and Jewell (1988) used fetalor postnatal
pig sera supplemented with various concentrations of insulinto evaluate the
influence of insulin on cell differentiation.Fetal pig serum is inherently low in
insulin. Addition of 10-9M insulin increased the number ofesterase positive cells,
and cells showed more lipoprotein lipase activity (Hausman andJewell, 1988),
indicating that insulin promoted differentiation.Insulin alone did not promote14
differentiation in rat primary culture (Li et al., 1989). The disparitybetween this
result (Li et al., 1989) and the report ofGaben-Cogneville et al., (1983) was
attributed to the differences in age of rats used.Addition of insulin to pig S-V cell
cultures did not affect glycerol-3-phosphate dehydrogenaseactivity (Hentges and
Hausman, 1989), indicating that S-V cells from differentspecies respond differently
to insulin. Influence of insulin on adipose conversion ofsome adipocyte-like cell lines
also has been demonstrated. Within physiologicalconcentrations, insulin enhanced
the adipose conversion of ob17 cells (Grimaldiet al., 1983a,b; Amri et al., 1984).
Insulin is however required at pharmacologicallevels in 3T3 cells (Green and
Kehinde, 1975; Spooner et al., 1979; Rosenet al., 1979). Other cell lines whose
differentiation is influenced by insulin include CHEF/18cells (Sager and Kovac,
1982; Harrison et al., 1985). Insulin increasesactivity of lipogenic enzymes such
as lipoproteinlipase,glycerol-3-phosphate dehydrogenase, and acetyl CoA
carboxylase and promotes the accumulation of themRNA for glycerol-3-phosphate
dehydrogenase (Alexander et al., 1985; Daniet al., 1986; Moustaid et al., 1990).
Replication of 3T3-L1 preadipocyte cell line (Gamouand Shimizu, 1986) and
porcine S-V cells (Duliere et al., 1991) is stimulatedby insulin.Insulin at a
pharmacological level could bind to the high-affinityreceptor of insulin-like growth
factor-1 (IGF-1) (Hausman et al., 1989).Insulin may stimulate the secretion of
somatomedin-like peptide in smooth muscle (Clemmons,1985), which in turn can
stimulate DNA synthesis (Clemmons and VanWyk, 1985).Stimulation of
replication by insulin can be asa result of either or both of these possibilities.15
Growth Hormone Effect on Adipocvte Development.Growth hormone increases
muscle accretion and decreases fat deposition (Etherton, 1989). Theeffect of
growth hormone on adiposity has been attributed to its antagonisticaction on
insulin stimulated lipogenesis (Walton et al., 1987) whereby insulinbinding of
adipocytes is inhibited (Walton et al., 1986).However, in the culture of some
preadipocytecelllines,growth hormone promotesbothproliferationand
differentiationFor example, growth hormone enhanced proliferationand
differentiation of 3T3-F442A cells (Morikawa et al., 1982;1984; Zezulakand Green,
1986) and ob 17 cells (Ailhaud et al., 1983). Zezulak and Green(1986) found that
3T3 cells synthesize IGF-1 receptors inresponse to growth hormone thereby
increasing the sensitivity of 3T3 cells to IGF-1,a mediator of growth hormone
effect. In primary culture, the effect of growth hormone is equivocal(Hausman et
al., 1989).Addition of IGF-1 to rat preadipocytes primary culturesenhanced
adipose conversion (Des lex et al., 1987a) but growth hormonewas unable to
stimulate adipose conversion (Wiederer and Loffler, 1987).Growth hormone
reduced differentiation, number and size of fat cellclusters in serum free culture of
porcine adipose precursor cells when comparedto controls (Hausman and Martin,
1989). Recently, Kalbitz and Mueller (1990) reportedthat growth hormone had no
effect on proliferation or differentiation of porcine preadipocytesin culture. Effect
of growth hormone on development of preadipocyte cell linesare contradictory to
that in primary cultures.16
Thyroid Hormone Effect on Adipocyte Development.Triiodothyronine (T3) in
physiological concentrations promotes the adipose conversionof obi 7 cells Milhaud
et al., 1983; Gharbi-Chihi et al., 1984). During differentiation ofob 17 cells, nuclear
T3 receptor number increased but without increasedaffinity to T3 (Anselmet et al.,
1984). Lipogenic enzyme activity and fatty acidsynthetase mRNA were increased
in ob17 cells during adipose conversion in thepresence of T3 addition (Gharbi-Chihi
et al., 1981;1984; Vannier et al., 1985).Thyroid hormones increased fat cell
number in vivo (Rican and Levacher, 1989)and stimulated proliferation and
differentiation in primary culture of rat preadipocytes. T3is considered an important
component in serum free medium for primary culture of adiposeprecursor cells of
rats (Deslex et al., 1987a) and humans (Deslexet al., 1987b). However, Wiederer
and Loffler (1987) found T3 to be ineffectivein their primary culture system of rat
adipose S-V cells. The reason for this discrepancyis not known. The effect of T3
in primary culture of pig S-V cellsmay be permissive (Hausman, 1989).
Other Serum borne Factors. Growth hormonehas been found to be a factor in fetal
calf serum (Nixon and Green, 1984) and humanserum (Hauner and Loffler, 1986)
promoting adipose conversion ofsome cell lines. There have been several reports
indicating that sera contain adipogenic factorsthat are distinct from growth
hormone. A 6-8 kDa molecule has been partiallypurified from fetal calf serum
(Grimaldi et al., 1982). This molecule is resistantto proteolytic activity of pronase,
is heat labile at low pH, and is ableto induce adipose conversion of ob 17 cells
(Grimaldi et al., 1982).Sera from several strains of geneticallyobese rodents17
contain adipogenic factors with an apparent molecular weight of 4-6 kDa (Loffler
et al., 1983). A similar factor has also been found to be present in human serum
(Hauner and Loffler, 1986). The low molecular weight factor is heat and acid-stable
(Hauner and Loffler, 1986). Feick and Loffler (1986) have extracted a 4-6 kDa
molecule with adipogenic activity from rat liver. This moleculecan be destroyed by
pronase.Recently, a 63 kDa protein that promotes differentiation of rat
preadipocytes in primary culture has been partially purified from ratserum (Li et al.,
1989). The 63 kDa molecule has characteristics thatare different from other
growth factors in that it is unstable in acid-ethanol, unaffected by -SH reducing
agents and most proteases (Li et al., 1989). The 63 kD protein may be species
specific (Li et al., 1989). A 20 kD protein factor that stimulates proliferation of
3T3-L1 and OB1771 cell lines has been partially purified from rat adipose tissue and
has been suggested to be different from platelet derived growth factor (PDGF) and
fibroblast growth factor (FGF; Aoki et al., 1990).
In addition to adipogenic factors serum contains "anti-adipogenic" factors,
some undefined (Loffler and Hauner, 1987). Transforming growth factor -I has been
shown as a serum component which inhibits the expression of differentiation
enzyme in Ob1771 cells (Pradines-Figueres et al., 1990). Mitogenic factors such
as PDGF and FGF inhibit differentiation of 3T3 cells (Hayashi et al., 1981; Kawada
et al., 1990).
Serum Source Effect on Adipocvte Development. Several comparisons have been
made of the ability of sera from different species and animals of various dietary18
status to promote growth of preadipocytes in primary culture ofadipose S-V cells.
Sera from different species vary greatly intheir ability to promote adipose
conversion of 3T3 cell lines. Kuri-Harcuch andGreen (1978) found that fetal calf
serum promoted adipose conversion of 3T3-F442A cells whileserum from cats did
not. Serum derived from genetically obese rodentspromoted substantially more
adipose conversion of 3T3-L1 cells thanserum from lean rodents (Loffler et al.,
1983). In primary culture of rat adipocyteprecursor cells all serum samples tested
promoted cell proliferation, butsera from humans, calves, goats, and rats were able
to increase glycerol-3-phosphate dehydrogenase activitymore than did cat serum
(Bjorntorp et al., 1985).Since cat can increase its body 'fat depositionin vivo,
caution should be taken in extrapolating fromin vitro studies because various
growth effectors acting in oppositemanner may change concurrently in vivo. The
in vitro effect of cat serummay be due to differences in cells from one speciesto
another; itis possible that cat serum contains factor(s)which inhibit adipose
conversion and expression of lipogenicenzyme activity and in contrast to cat cells
rat adipose precursor cells and 3T3-F442A cellspossess receptors and/or promoters
that make the cells more sensitiveto this factors, thereby permitting interaction
with the inhibiting factors. Comparisonsshould be made between homologous and
heterologous systems since subsequent growthresponse in culture can be affected
by source species of both cells andsera (Jewell and Hausman, 1989). From all the
studies mentioned above itcan be summarized that there are several factors in
blood, some stimulating cell replicationor differentiation, some inhibiting either or
both processes, and that these factorsmay vary across species.19
Age Effect on Adipocvte Development. As animalsgrow older several changes
occur in adipose tissue mass and adipocyte function.In middle and late adulthood
in human several structural changesoccur. The lean body mass decreases and
adipose tissue mass increases (Rudman, 1985).The body fat content of a newly
born pig is less than 2% of the body weight but itincreases rapidly to 30% or more
of body weight at about 6 months ofage (Doornenba1,1972; Shields et al., 1983).
Impaired sensitivity of adipose tissueto lipogenic and lipolytic hormones suchas
insulin and catecholamines, and reducedglucose uptake and conversion by
adipocytes have been observed in therat as the aging process progresses (Kirkland
and Dax, 1984).Bertrand et al. (1980) also observed changes inadipose tissue
mass and cellularity during adult life in rats. The effect ofaging on the ability of
adipocyte precursor cells to replicate anddifferentiate in culture has been explored
(Djian et al., 1983; Kirkland et al., 1990).Adipose S-V cells obtained from varying
anatomical sites all showed a decline inrate of replication, and there was also a
reduction in the frequency of differentiationof adipocyte precursor cells (Djian at
al., 1983; Kirkland et al., 1990). Thisindicates that cells from younger animals
replicate faster than cells from older animalsand contain more clones capable of full
differentiation into adipocytes. Kirklandet al. (1990) suggest that changes in gene
regulation may cause the differences in bothsensitivity and responsiveness of cells
to hormones and paracrine factors and differences in thecapacity of cells to uptake
and utilize nutrients. It is not known if theage of an animal influences levels and
activities of adipogenic factorspresent in the serum. It is therefore importantto
identify and characterizeserum adipogenic factors so that it can be determined20
whether age is a physiological factor regulating the levels and activities ofserum
adipogenic factors.
Sex Effect on Adioocvte Develooment. Sex of an animal influences its adiposity
through endocrine profile (Seideman et al., 1982). In mammals, the intact male has
less carcass fat and more muscle than the intact female, and the castrated male
on the other hand has more fat and less muscle than the intact male and in some
species, the female. There was increased lean tissue accretion whenexogenous
estrogenic compounds were administered to castrated male cattle and sheep
(Schanbacher, 1984; Roche and Quirke, 1986).However, administration of
exogenous estrogenic compounds showed no influence on carcass composition of
pigs (De Wilde and Lauwers, 1984; Roche and Quirke, 1986). Thecellular basis for
some of these changes has not been examined. Examination of the growth and
development of adipose tissue S-V cells culturecan provide some of the cellular
mechanisms involved. Also, the influence of the animal'ssex on adipogenic activity
of serum factors can be elucidated by usingsera obtained from animals of different
sex in culture of adipose S-V cells.
Lean and Obese Pigs. The genetically lean and obese pigs providea model to study
porcine growth, particularly deposition ofcarcass fat and accretion of muscle and
also provide a model, other than rodent models to study the physiologyof obesity.
Lean and obese strains of pigs were developed by Hetzer and Harvey (1967) by
selecting for thick or thin backfat depth for about eighteen generations. Obesity21
can be detected in pig model as earlyas 100 days of gestation (McNamara and
Martin, 1982; Stone et al., 1985).There is divergence in growthrate and body
composition in obese and lean pigs. Obesepigs grow more slowly after weaning
as compared to their lean counterparts (Mersmannet al., 1982). Fat cell number
is not different in lean andobese strains of pigs (Hausmanet al.,1983).
Morphologically, adipocytes from obese pigsare larger than adipocytes from lean
pigs (Steele et al., 1974; Scottet al., 1981; Mersmann, 1986). Larger cell sizein
obese pigs might contributeto their higher body lipid deposition. Adiposetissue
lipogenic rates are higher in growingobese than lean pigs (Steeleet al., 1974;
Steele and Frobish, 1976; Scottet al., 1981).
Blood metabolites in lean and obesepigs do not differ to a greatextent.
Plasma glucose, triglyceride andcholesterol concentrationsare similar in neonatal
and postnatal obese and lean pigs(Mersmann et al., 1982). Thus, growingobese
pigs are not hyperglycemic,hypertriglyceridemic or hypercholesterolemicas are
other animal obesity models (Mersmannet al., 1982). Only slight differences exist
in endocrine status of these pigstrains. Plasma concentrations of growthhormone
are lower, triiodothyronine is higher and cortisol issimilar in late prenatal obese pigs
as compared to lean pigs (Stone et al., 1985).Because of their unique endocrine
and metabolite status the pig model ofobesity is not compounded by majordefects
in carbohydrate and/ or lipidmetabolism as are most rodent models(Mersmann et
al., 1982). Thus, increase in adiposetissue mass in obese pigs might be duemore
to differences in the activity of the cellsthan to the extracellular environment.
Adipocytes in lean and obese pigsare different. This belief is supported byreport22
of Killefer and Hu (1990) who foundan adipocyte specific plasma membrane protein
to be present in adipocytes of genetically lean pigs andabsent in genetically obese
pigs. The nature and physiological function ofthis protein have not been identified.
Serum from genetically obese pigs enhanceddifferentiation more than serum
from lean pigs in primary culture ofrat adipose S-V cells.It has been shown that
subsequent growth response of cultured cellsis influenced by species of the test
S-V cells as well as theserum (Jewell and Hausman, 1989).Therefore, it is
pertinent to use cells obtained from pigadipose tissue to examine the effect of lean
and obese pig sera on adipose conversionin culture.23
Chapter 2
HORMONAL REGULATION OF THEDIFFERENTIATION OF PORCINE
ADIPOSE STROMAL-VASCULAR CELLSIN CULTURE24
ABSTRACT
Stromal-vascular (S-V) cells obtained by collagenasedigestion of adipose
tissue samples from subcutaneous neck regionof 4 month old pigs (40-50 Kg) were
used to evaluate the ability of S-V cellsto differentiate in response to insulin,
hydrocortisone (HC) and triiodothyronine (T3) in culture.Cells were maintained for
12 days in test media. Insulin (1- 1000NU /ml) alone and T3 (. 1 -1 00 ng/ml) did not
affect sn-glycerol-3-phosphate dehydrogenase(GPDH; EC 1.1.1.8), a marker
enzyme for adipocyte differentiation. HC (500 ng/ml) alonestimulated (P < .05)
differentiation in cultured S-V cells. Cellular proteinand DNA contents of cultured
cells were not affected by treatments.Cells receiving combination of HC and
insulin had greater GPDH activity thancultures receiving either hormone alone.
When concentrations of HC and T3were held constant in physiological ranges,
increasing concentration of insulin increased(P< .05) both GPDH activity and DNA
contents in cultures.Addition of increasing concentration ofHC to cultures
receiving constant levels of insulin and T3within physiological ranges had higher
(P< .05) GPDH activity comparedto the control; DNA and protein contentswere
not affected.Increasing concentrationsofT3 to cultures with constant
physiological levels of insulin and HC didnot change any of the parameters
measured. Insulin and glucocorticoidsappear essential for differentiation of porcine
S-V cells in culture.25
INTRODUCTION
In vivo investigations of adipose tissuedevelopment using radio(abelled
thymidine incorporation into DNA have shown thatdeveloping rat adipose tissue
contains cell fractions which are able to proliferate anddifferentiate into mature
adipocytes (Hollenberg and Vost, 1968; Greenwoodand Hirsch, 1974; Gaben-
Cogneville and Swierczewski, 1979).Several studies conducted with cultured
stromal-vascular cells isolated from adipose tissue of variousmammalian species
including man provided evidence for the existenceof adipose precursor cells capable
of proliferating and undergoing adiposeconversion (Adebonojo, 1975; Van et al.,
1976; Van and Roncari, 1978; Bjorntorpet al., 1980; Ramsay et al., 1989a,b;
Hauner et al., 1989). The use of several clonedcell lines as well as primary culture
of adipose stromal-vascular cells in studyingadipose cell growth and development
has given us the knowledge and betterunderstanding of the factors involved in the
control of growth and differentiation of adiposeprecursor cells.
Hormones and growth factors present in theextracellular environment have
profound influence on growth and developmentof cells.Numerous effects of
hormones and growth factors on preadipocytegrowth and development have been
observed (Wiederer and Loffler, 1987; Roncari andLe Blanc, 1989; Hauner et al,
1989; Schmidt et al., 1990). Adipogenicactivity of insulin, glucocorticoids and
thyroid hormones has been clearly established(Hauner and Loffler, 1987). Insulin
and glucocorticoids are essential for adiposeconversion of rat adipose stromal-26
vascular cells in primary culture(Gaben-Cogneville et al., 1990). Asa result, a
suitable system that permits detailedstudy of the control of adipose differentiation
in rat adipose stromal-vascular cells(Des lex et al., 1987) and adipose-likecell lines
(Gaillard et al., 1984; Schmidtet al., 1990; Kawada et al., 1990) maintainedin a
defined culture environment has beenestablished. In contrast the hormonal control
of porcine adiposeprecursor cell growth and development has onlybeen partially
elucidated. Hausman (1989) hasdemonstrated the influence of insulin, IGF-1and
triiodothyronine on the differentiation ofporcine adipose-S-V cells in culture. Serum
obtained from hypophysectomizedpigs has lower levels of insulin-likegrowth
factor-1 and inadequately supportedgrowth of pig S-V cells in culture (Jewellet al.,
1989). However, Ramsayet al. (1989b) and Hausman (1989) foundthat insulin-
like growth factor-1 inducedporcine preadipocyte differentiation.Ramsay et al.
(1989a) have also demonstratedthe requirement of glucocorticoidsfor the
differentiation of porcine adipose S-Vcells.All the pig studies mentionedeither
utilized cells obtained from fetalor 1-day-old pigs and some of the hormonal studies
utilized hormone supplementationof serum. Therefore, in thepresent study we
have examined the growth anddevelopment of adipose tissue stromal-vascularcells
obtained from 40-50 kg pigs in thepresence of insulin, triiodothyronine, and
hydrocortisone and have attemptedto establish a chemically defined mediumto
study porcine adipose stromal-vascularcell differentiation.27
MATERIALS
Dulbecco's Modified Eagle's Medium(DME, D-5523), Nutrient mixture F-12
(HAM, N-6760),dihydroxy acetone phosphate(DHAP,D-7137),reduced
nicotinamide adenine dinucleotide(NADH, N-8129), gentamicin sulfate(G-1264),
hydrocortisone (H-0135), insulin(1-1882), triiodothyronine(T-5516), bovine
transferrin (T-8027) were purchasedfrom Sigma Chemical Co. (St. Louis,MO).
Bovine serum albumin (BSA,Bovuminar Reagent CRG-7)was purchased from
Armour Pharmaceutical Co.(Tarrytown, NY); collagenase (Type I)from Worthington
Biochemical (Freehold, N.J.);thiamylal-sodium (Biota!) fromBoehringer-Inglheim
Animal Health Inc. (St.Joseph, MO); fetal calfserum (FCS) from Intergen Co.
(Purchase, NY); Fungizone from GibcoBRL (Gaithersburg, MD); andPrepodyne from
AMSCO, Medical ProductsDivision (Erie, PA). All otherreagents were of analytical
grade.
METHODS
Animal and biopsy procedure
Crossbred barrows (Sus scrofa)weighing 40-50 kg were used in thisstudy.
Before biopsy pigs were scrubbedwith Prepodyne and subcutaneousadipose tissue
samples were obtainedas described by Akanbi et al. (1990).28
Stromal-vascular cell isolation
Tissue samples were transportedto the laboratoryinKrebs-Ringer
bicarbonate buffer (KRB, 37 °C, pH 7.4) containing 118mM NaCI, 4.8 mM KCI, 1.3
mM CaCl2, 1.2 mM KH2PO4, 1.3 mM Mg SO4,10 mM NaHCO3, 10 mM HEPES, 5
mM glucose and 40 mg/L gentamicin sulfate andequilibrated with 95% 02:5% CO2.
Adipose tissue samples were digestedat 37 °C in a gyratory water bath with 2
mg/ml collagenase in KRB buffer containing3% BSA for 1 hr (1 g tissue per 3 ml
media).Digested tissue was filtered througha sterile single layer of polyester
chiffon and cell suspension was centrifugedat 800 X g for 10 min.Stromal-
vascular (S-V) cell pelletswere washed three times in DME/HAM medium (1:1; v/v)
containing 15 mM NaHCO3, 15 mM HEPESbuffer (pH 7.4), 40 mg/L gentamicin
sulfate and 2 mg/L Fungizone (basalmedium).
Cell Culture
Aliquots of the S-V cells were removed,stained with Rappaport's stain and
counted on a hemocytometer. S-V cellswere seeded in basal medium containing
10% FCS on Corning 6 well (35mm)tissue culture plates at a density of 3x 104
cells/cm'.Cells were cultured at 37 °C undera humidified atmosphere of 95%
air:5% CO2; 24 hours later cellswere washed 2 x 5 minutes and 1 x 1 hour with
basal medium. Cells were subsequentlycultured in basal medium containing 10%
FCS until they became confluent. Afterconfluence, cells were washed as described
above and cultured in basal mediumsupplemented with different hormonesas
indicated in figures and legends. Mediumwas changed every 3 days until day 1229
(post-confluence) when protein, DNA and sn-glycerol-3-phosphate dehydrogenase
(GPDH) activity were determined. GPDH activity has been reportedto rise after lag
phase and maximum activity is reached about 20 days (Schmidtet al., 1990).
Enzyme Analysis
Sn-glycerol-3-phosphate dehydrogenase (GPDH; EC 1.1.1.8)was measured
by a spectrophotometric method for determination of disappearance ofNADH during
GPDH-catalyzed reduction of DHAP under zero order conditions (Kozak andJensen,
1974) as modified by Wise and Green (1979).
DNA and Protein Content
DNA was assayed as described by LaBarca and Paigen (1980) usingsalmon
testes DNA as a standard. Protein content was determined by bicinchoninic acid
(BCA) method using bovine serum albumin as a standard (Pierce ChemicalCo.,
Rockford, IL).
Histochemistry
Representative wells from each treatment were fixed in 10% formalin,
stained with oil red 0 to show lipid droplets and counterstainedwith Harris
hematoxylin (Boon and Drijver, 1986) after 12 d ofexposure to test media.
Statistical Analysis
The data obtained were subjected toone-way analysis of variance procedure
of NCSS (1984). Differences betweenmeans were determined by Fisher's LSD.30
RESULTS
Stromal-vascular cells obtained from adipose tissue fromsubcutaneous neck
region of pigs weighing 40-50 kg inoculatedat a density of 3 x 104 cells/cm2 and
cultured in DME/HAM's medium supplemented with 10%FCS, cells grown in this
medium reached confluence after 6 days.In the first series of experiments the
effect of increasing concentrations of insulin, hydrocortisoneand triiodothyronine
(T3) on differentiation of confluent cellswere tested. Figure 2.1 shows the effect
of increasing concentrations of insulinon GPDH activity, protein and DNA contents
of cultured porcine adipose S-V cells.Cellular protein content or DNA content of
cultures was not altered (P> .05) by increasing concentrationsof insulin. The data
indicate that insulin did not affect (P> .05) GPDH activityeither expressed on per
well basis or per unit protein basis.
Figure 2.2 shows the effect of increasingconcentrations of hydrocortisone
on GPDH activity, cellular protein and DNA contents of culturedporcine S-V cells.
Protein and DNA contents of cultures treated withdifferent concentrations of
hydrocortisone were not significantly altered (P> .05).Hydrocortisone (500 ng/ml)
stimulated GPDH activity significantly (P< .05).Stimulation of GPDH activity by
500 ng/ml hydrocortisone accounted forover a 100% increase when compared to
cultures without added hormones.Hydrocortisone at concentrations lower than
500 ng/mi had no effect on GPDH activity (P>.05).
Effects of increasing concentrations of T3on GPDH activity, cellular protein
and DNA contents are shown in Figure 2.3. Additionof increasing concentrations31
of T3 did not change protein or DNAcontent of cultured cells or GPDH specific
activity (P> .05).
Insulin did not increase GPDH activityat a nonsignificant rate (Fig. 2.1), and
verylittleor no cytoplasmic lipid accumulation was observed (Fig.2.4b).
Morphological changes were observed in culturestreated with hydrocortisone.
After the addition of insulin to confluent cells,the cells assume a rounded shape
with the cytoplasm protruding in differentdirections instead of the long spindle-like
shape they have prior to the addition ofhydrocortisone (Fig.2.4c).Little
cytoplasmic lipid was observed in cultures treatedwith 500 ng/ml hydrocortisone
(Fig. 2.4c). The shape of the cells in culture treatedwith T3 remained spindle-like
like the control and there wasno visible cytoplasmic lipid (Fig. 2.4).
Using insulin (100 pU/m1), hydrocortisone (500ng /ml) and 13 (1 ng /ml),
possible interactions among the hormonesto promote S-V cell differentiation were
examined.During a culture period of 12 days afterconfluence in insulin and
hydrocortisone containing media,no significant increase in cellular protein level
occurred and DNA level did not change (Table2.1).Insulin and hydrocortisone
combined accelerated both lipid accumulation(Fig. 2.5) and GPDH activity (Table
2.1) in cultured S-V cells.Insulin in combination with hydrocortisoneincreased
GPDH activity by over 100%as compared to insulin or hydrocortisone alone (Table
2.1; P < .05). DNA content of cultured cellswas not affected by combination of T3
and insulin (Table 2.1). However, combinationof T3 and insulin increased GPDH
activity over 100% as comparedto insulin or 13 alone (Table 2.1).
Although the data indicate that GPDHactivity in cultures treated with the32
combination of T3 and hydrocortisone doubledGPDHactivity, this was not
statistically significant (Table 2.1).This might be as a result of varied plating
efficiency and cell detachment from cultureto culture.In the presence of insulin,
cultures treated with T3 showedvery little cytoplasmic lipid (Fig. 2.5b). T3 and
hydrocortisone did not interact to stimulate lipid accumulationin cultured cells (Fig.
2.5c).
In the next series of experiments levels oftwo hormones were held constant
at physiological concentrations and variable concentrationsof the third hormone
were added to confluent porcine adipose S-V cells. Table 2.2shows the effect of
increasing concentration of insulinonGPDHactivity, protein andDNAcontents in
cultured cells when T3 and hydrocortisoneconcentrations were held constant at
physiological levels. Only cultures with 100 and1000 pU/m1 insulin had significant
increases in cellular protein levelsas compared to T3 and hydrocortisone alone
(P< .05).Alow level of insulin (1 pU/m1) didnot significantly affectDNAcontent
of cultured cells (P> .05). Ten pU/m1 ofinsulin significantly increasedDNAlevel
(P< .05) as compared to cultures withoutinsulin (with T3 and hydrocortisone).
There was also significant increase inDNAin cultures supplemented with 100 and
1000 pU/m1 insulin (P< .01).When T3 and hydrocortisone at physiological
concentrations were used therewas no effect on lipid accumulation of confluent
cells.With increasing concentrations of insulin,a modest increase inlipid
accumulation was observed.Insulin at concentrations of1and 10 pU/m1
significantly increasedGPDHactivity in cultured cells (P < .01; Table 2.2).Atinsulin
concentrations of 100 and 1000 pU/m1 therewas a slight drop inGPDHactivity.33
However, addition of 100 pU/rni of insulin stillproduced a significantly higher GPDH
activity than T3 and hydrocortisonealone (P < .05).
When the concentrations of insulinand hydrocortisone were held constant
at physiological levels and variableconcentrations of 13 were added (Table 2.3),
neither protein nor DNA levelswas significantly affected and there wasno
significant change in GPDH activityof cultured cells (P> .05).When the
concentrations of insulin and T3were held constant at physiological levels addition
of variable concentrations ofhydrocortisone did not alter cellular proteinand DNA
levels in cultured cells (Table2.4).Holding the concentrations of insulin andT3
constantatphysiologicalrangesandaddingvariableconcentrationsof
hydrocortisone did alter GPDH activityin cultured cells (Table 2.4). Five ng/mlof
hydrocortisone did not significantlychange GPDH activity (P> .05); however,at
higher concentrations (50 and500 ng/ml) hydrocortisone significantlyincreased
GPDH activity in cultured porcineS-V cells (P< .05).34
DISCUSSION
The hormonal requirements for differentiationof S-V cells isolated from
adipose tissue (rodents and human) have receivedconsiderable attention (Hauner
and Loffler, 1987; Loffler and Hauner,1987; Wiederer and Loffler, 1987).In
contrast the hormonal requirements for adipose conversionof porcine S-V cells has
been only partially elucidated. In thepresent study we have attempted to examine
the adipogenic and biochemical differentiatingeffects of insulin, hydrocortisone and
T3 alone or in combinations.Primary cultures from S-V cells derivedfrom
collagenase digestion of adipose tissuehave been used to study adipocyte
development from precursor cells (Gaben-Cognevilleet al, 1983; 1984; Des lex et
al., 1987; Hausman, 1989; Hauneret al., 1989). These present studies used S-V
cells obtained from 3-4 month old pigs(40-50 kg).Cells were cultured in basal
medium plus 10% FCS for about 6days until confluence, after which hormonal
treatments were applied for another 12 days. GPDH,a marker enzyme for adipose
differentiation, (Hauner et al., 1989; Wiedererand Loffler, 1987; Gaben-Cogneville
et al. 1990) was used as an indicator of thedifferentiation activity.Increase in
GPDH activity during differentiation isdependent on seeding density andstarts only
when cells become confluent (Pettersonet al., 1985). Significant differentiation of
rat adipose S-V cells was observed when cellsbecame confluent (Petterson et al.,
1985).Adding insulin alone to confluent cellsdid not significantly affect
differentiation activity in porcine S-V cells.This result is in agreement with the35
work of Hentges and Hausman (1989) whoreported that insulin did not influence
GPDH activity in cultures of S-V cellsobtained from 1day old pigs.The
differentiation of adipose S-V cells obtainedfrom various species has been found
to be under the control of several hormonal factors. Theinfluence of insulin on the
differentiation of S-V cells obtained fromrats (Gaben-Cogneville et al., 1983; 1984;
Wiederer and Loffler, 1987) and1day old pigs (Hausman, 1989) has been
demonstrated.Gaben-Cogneville et al.(1983; 1984) found that insulin(at
physiological ranges) alone can stimulatecomplete differentiation of newborn rat
adipocyte precursor cells and Hausman(1989) who found that insulin stimulated
formation of fat clusters from S-V cells of1 day old pigs. In contrast, in the current
study insulin alone had no effecton lipid accumulation (Fig. 2.4b) or GPDH activity
(Table 2.1). Hormonal treatmentswere imposed after confluency in our studies and
the study of Hausman (1989) but S-Vcells were obtained from pigs of differing
ages (1 day vs 4 months). It is not known whether theculture conditions used are
the bases for the conflicts in resultsbetween the study by Hausman (1989) and
Hentges and Hausman (1989).Others (Gaben-Cogneville et al., 1983; 1984;
Wiederer and Loffler, 1987) used newbornor young rats and started their
treatments before S-V cells reached confluence.It is likely that signals required to
trigger the differentiation processes in S-Vcells from older animals might have been
arrested prior to the addition of hormones.Li et al. (1989) did not observe insulin
effect on the differentiation of S-Vcells from older rats and attributed the
differences between their observationsand the insulin-promoted differentiation of
S-V cells from adipose tissue of newbornand young rats (Gaben-Cogneville et36
al.,1984; Wiedere and Loffler, 1987) in parts to age differences. The variations in
the results of the present study might be due to age differences and/or culture
condition imposed. Age-dependency of S-V cell differentiation has been observed
(Bjorntorp et al., 1980; Djian et al., 1985; Des lex et al., 1987; Hauner et al., 1989).
Since insulin alone did not change the cellular protein and DNA levels in cultured
cells,these observations imply that insulin alone does not promote changes in cell
number or size. Regulation of GPDH by insulin is at the transcriptional level (Gaben-
Cogneville et al., 1990); the modest but not statistically significant increase in
GPDH activity by insulin might be due to low level of GPDH mRNAas a result of
decreased capacity of cells obtained from older animal to respond to extracellular
stimuli (Hauner et al., 1989). Hydrocortisone alone at concentration of 500 ng/ml
(Fig. 2.2) stimulated high GPDH activity but did not accelerate accumulationof
cytoplasmic lipid droplets in cultured cells (Fig.2.4).Hydrocortisone did not
promote cellular growth as indicated by protein and DNA levels in the cultures (Fig.
2.2). Hydrocortisone in combination with insulin, however, accelerated bothlipid
accumulation (Fig. 2.5) and GPDH activity (Table 2.1).Rapid increases in GPDH
gene expression and GPDH activity have been observed in rat primary cultures
treated with dexamethasone, a synthetic glucocorticoid (Gaben-Cognevilleet al.,
1990).It has also been suggested that glucocorticoids have an effect similar to
insulin on the expression of lipogenic enzymes andon increasing insulin binding of
cultured cells (Gaben-Cogneville et al., 1990). Asa result, the effect of interaction
of insulin and hydrocortisone on the markerenzyme in the present studies appears
to be synergistic. The present observation on the effect of combination of insulin37
and hydrocortisone is not limited to primary cultures,this combination of hormones
has been shown to promote adipogenic conversionof clonal cellline, TA1
(Chapman et al.,1984).The combination of these two hormones trigger
developmental programs that allow the cells toconvert from preadipocytes to
mature adipocytes (Chapman et al., 1984) Adiposeconversion of TA1 cells by
insulin depends on the presence of glucocorticoid(Chapman et al., 1985). One of
the major adipogenic factors inserum has been identified as glucocorticoids
(Schiwek and Loffler, 1987). The present resultson insulin and hydrocortisone are
in agreement with reports by Wiederer and Loffler(1987) and Hauner et al.(1987)
that insulin plus corticosterone stimulate adiposeconversion and differentiation of
S-V cells from rat and human. Quantitativeresponse of GPDH activity in S-V cells
to treatments (Table 2.1) is, however, higher thanresponse in tables 2.2, 2.3 and
2.4. The pigs that served as cell donors for theexperiment in table 2.1 were 3
weeks younger than those used for the experimentsin the other studies.The
source of cells might contribute to the quantitatively higher GPDHactivity observed
for this particular experiment (Table 2.1).Animal age influences the subsequent
growth responses of S-V cells in culture (Bjorntorpet al., 1980; Djian et at., 1985;
Des lex et al., 1987; Hauner et al., 1989;present study). Insulin and glucocorticoids
act as adipogenic factors in S-V cells regardless of theanimal species the cells are
obtained from. None of the concentrations of T3used in the present studies had
any effect on GPDH activity of cultured porcine S-V cells. T3 hasbeen found to be
ineffective in serum free cultures (Des lexet al., 1987) and its effect on adipose
conversion may be permissive and requires thepresence of other hormones38
(Hausman, 1989). Only in the presence of insulin did culturestreated with T3 show
lipid accumulation (Fig. 2.5).Combination of T3 and hydrocortisone did not
significantly change the activity of theenzyme marker, GPDH in cultured S-V cells
(Table 2.1).The lack of statistical significance in the increasedGPDH activity of
cultures treated with T3 plus hydrocortisoneas compared to hydrocortisone alone
(Table 2.1) might be in part due to varied plating efficiencyand cell detachment
from experiment to experiment.
By holding concentrations of T3 and hydrocortisoneconstant at physiological
range, addition of increasing concentrations of insulin showedmitogenic and
adipogenic effect as indicated by increase in GPDHactivity and DNA contents in
cultured cells (Table 2.2). Increase in DNAmight be a reflection of increased cell
number.Duliere et al., (1991) reported that addition of variousconcentrations of
insulin to porcine S-V cell culture promotedcell proliferation. Several possibilities
could explain the stimulation of cell proliferationby insulin. One possibility is that
insulin at pharmacological level could bindto the high-affinity receptor of IGF-1
(Hausman et. al., 1989). Clemmons (1985) found thatinsulin may stimulate the
secretion of somatomedin-like peptide in culturedporcine smooth muscle cells.
Somatomedin-like peptide can stimulate DNA synthesisin cultured human fibroblast
and porcine smooth muscle cells (Clemmonsand Van Wyk, 1985). The increase
in DNA content of cultured porcine S-Vcells by insulin might be due to either of the
possibilities or both. Higher concentrations ofinsulin also promoted cellular growth
as indicated by the significant increase in cellular protein level.In the presence of
physiologic concentration of insulin andhydrocortisone (Table 2.3), addition of39
various concentrations of T3 did not result in significant increase in differentiation
activity in S-V cells. DNA and protein levels in cultured cellswere not affected by
increasing concentrations of T3 indicating that cellular growthwas not promoted.
Results in Table 2.4, however, indicate that glucocorticoidsare indeed of great
importance in the differentiation of porcine S-V cells.Glucocorticoids have been
previously found to be a major component of adipogenic factors inserum (Schiwek
and Loffler, 1987).Results in Table 2.2 shows that insulin can increase DNA
content in cultured cells, however, in the experiments where insulin concentration
was held constant at 20 pU/m1 (Tables 2.3 and 2.4), cellular DNA content didnot
increase, indicating that insulin may have an optimum concentrationabove which
it can stimulate in DNA synthesis.
The present studies demonstrate that insulin and glucocorticoidsare essential
for the differentiation of porcine adipose S-V cells in culture and thatadipose tissue
of older animals contains cells that are able to proliferate andto develop the
adipocyte phenotype when cultured under the appropriate conditions.These
cultured cells can be a tool to study adipocyte development in adultlife.Table 2.1. HORMONAL CONTROL OF GPDH ACTIVITY, PROTEIN ANDDNA IN CULTURED
PORCINE ADIPOSE STROMAL-VASCULAR CELLS'
Treatment n GPDH2 Protein
(Ng /well)
DNA
(Ng /well)
Insulin (Ins) 3 12.47 ±1.87b 318.63±5.398 .90 ± .098b
Hydrocortisone (HC) 3 9.93±3.9b 340.10 ± 22.438 .51 ± .088
T3 3 14.83 ± 1.49b 351.37±10.948 .69 ± .088'
Ins X HC 5 28.67±6.188 359.91 ±32.648 1.4±.18b
Ins X T3 5 28.36 ± 1.228 310.07 ± 19.39a 1.06 ± .18b
T3 X HC 5 18.93±3.79' 328.61 ± 15.548 .82 ± .1 9abTable 2.1 Continued.
Cells were seeded at a density of 3x104 cells /cm2 in DME/HAM medium supplemented with 10% FCS until they
were confluent. Cells were extensively washed in DME/HAM medium without FCS and subsequently maintained
in DME/HAM containing 10 pg/ml transferrin plus maximally effective concentration of insulin (100 NU/m1), HC (25
ng/ml or T3 (1 ng/m1) alone or in combinations. GPDH activity, protein and DNA contents were determined at day
12 post-confluence and used as indicators of cell differentiation and growth.
'Data are means ± SE of n different cultures from triplicate wells.
2Nanomoles/minute/milligram protein.
'Means within a column that do not have a common superscript differ (P< .05).Table 2.2. INSULIN EFFECT ON GPDH ACTIVITY, PROTEINAND DNA IN CULTURED PORCINE
ADIPOSE STROMAL-VASCULAR CELLS'
Treatment n GPDH2 Protein
(Ng /well)
DNA
(pg/well)
TTC3 Alone 3 1.94 ± .44° 343.23 ± 9.85° .77 ± .03°
+ 1 NU/m1 Insulin 3 6.52 ± 1.08" 393.23 ± 23.02" .96 ± .08"
+ 10 pli/m1 Insulin 3 6.52±1.31" 400.53 ± 5.42" 1.21 ±.15"
+ 100 NU/m1 Insulin 3 5.2 ± .49" 443.43 ± 17.00" 1.36 ± .05b
+ 1000 pU/m1 Insulin 3 4.58 ± .51" 451.53 ± 43.88' 1.53 ± .1 7bTable 2.2 Continued.
Cells were seeded at a density of 3x104 cells/cm2 in DME/HAM medium supplementedwith 10% FCS until they
were confluent. Cells were extensively washed in DME/HAM medium without FCS and subsequently maintained
in DME/HAM containing constant concentrations of three factors (concentration within thephysiological range) and
variable concentrations of the fourth (concentrations ranging from physiologicalto pharmacological levels) as
indicated. GPDH activity, protein and DNA contents in cultured cellson day 12 after changing to experimental
media were used as indicators of cell differentiation and growth.
'Data are means ± SE of three different cultures from triplicate wells.
2Nanomoles/minute/milligram protein.
3-1 = 10pg/m1 transferrin; T= 1 ng/m1 T3; C = 25 ng/ml hydrocortisone.
ab`Means within a column that do not havea commonsuperscript differ (P<.05).Table 2.3. TRIIODOTHYRONINE EFFECT ON GPDH ACTIVITY, PROTEIN AND DNA IN CULTURED
PORCINE ADIPOSE STROMAL-VASCULAR CELLS'
Treatment n GPDH23 Protein3
(pg/well)
DNA3
(Ng /well)
1TC4 Alone 3 7.12±2.38 392.19 ± 48.76 1.20±.12
+ .1 ng/ml T3 3 5.65±1.10 439.20 ±10.72 1.18±.03
+ 1 ng/ml T3 3 5.63 ± 1.60 436.45 ±11.36 1.23±.04
+ 10 ng/ml T3 3 5.54±1.15 437.10 ±11.41 1.31 ±.03
+ 100 ng /mI T3 3 4.81 ± 1.33 456.48 ±33.33 1.25±.12Table 2.3 Continued
Cells were seeded at a density of 3x104 cells/cm' in DME/HAM medium supplementedwith 10% FCS until they
were confluent. Cells were extensively washed in DME/HAM medium without FCS and subsequently maintained
in DME/HAM containing constant concentrations of three factors (concentration withinthe physiological range) and
variable concentrations of the fourth (concentrations ranging from physiologicalto pharmacological levels) as
indicated. GPDH activity, protein and DNA contents in cultured cellson day 12 after changing to experimental
media were used as indicators of cell differentiation and growth.
'Data are means ± SE of three different cultures from triplicatewells.
'Nanomoles/minute/milligram protein.
'No significant difference between treatments at P< .05.
41 = 20 NU/m1 insulin; T = 10 Ng/ml transferrin; C= 25 ng/ml hydrocortisone.Table 2.4. HYDROCORTISONE EFFECT ON GPDH ACTIVITY, PROTEIN AND DNA IN CULTURED
PORCINE ADIPOSE STROMAL-VASCULAR CELLS'
Treatment n GPDH2 Protein
(pug/well)
DNA
(jig/well)
ITT3 Alone 3 2.21 ± .42° 384.85 ±28.496 1.26±.14°
+ 5 ng /mI HC4 3 2.63± .45° 409.32±26.25° 1.35±.11°
+ 50 ng /mI HC 3 8.16±2.32b 432.97±22.55° 1.21 ±.05°
+ 500 ng/ml HC 3 9.56 ± 2.23b 435.13 ± 14.48° 1.18±.05°Table 2.4 Continued.
Cells were seeded at a density of 3x104 cells/cm2 in DME/HAM medium supplemented with 10%FCS until they
were confluent. Cells were extensively washed in DME/HAM medium without FCS and subsequently maintained
in DME/HAM containing constant concentrations of three factors (concentration within thephysiological range) and
variable concentrations of the fourth (concentrations ranging from physiologicalto pharmacological levels) as
indicated. GPDH activity, protein and DNA contents in cultured cellson day 12 after changing to experimental
media were used as indicators of cell differentiation and growth.
Data are means ± SE of three different cultures from triplicate wells.
2Nanomoles/minute/milligram protein.
31 = 20 NU /m1 insulin; T= 10 pg /mI transferrin; T = 1 ng/ml T3
'NC = Hydrocortisone
'Means within a column that do not have a common superscript differ (P< .05).48
FIGURE 2.1.(A) Dose-response relationship of insulin to the activity ofenzyme
marker of adipocyte differentiation. (B) Dose-response effect of insulinon protein
and (C) on DNA contents of cultured porcine adipose stroma /- vascularcells. Cells
were inoculated on 6 well plate at a density of 3 x 104 cells/cm' in DME/HAM
medium supplemented with 10% FCS until theywere confluent.Cells were
extensively washed in DME/HAM medium without FCS andsubsequently
maintained in DME/HAM containing 10pg /mI transferrin (control) or variable
concentrations of insulin (1-1000 pU/m1). GPDH activity, cellular protein andDNA
contents in cultured cells was determined at d 12 post-confluence. GPDH activity
was used as indicator of cell differentiation.Cellular protein and DNA were used
as indicators of cell number and cellular growth. There was no significanttreatment
effects on GPDH activity, cellular protein and DNAcontents of cultured cells
(P> .05). Values are means ± SE of three independent experimentsperformed on
triplicate wells.Means with the same letter are not significantly differentat
(13<.05).50
FIGURE 2.2.(A) Dose-response relationship of hydrocortisone to the activity of
enzyme marker of adipocytedifferentiation.(B)Dose-responseeffect of
hydrocortisone on protein and (C) on DNA contents of culturedporcine adipose
stromal-vascular cells. Cells were inoculatedon 6 well plate at a density of 3 x 104
cells/cm' in DME/HAM medium supplemented with 10%FCS until they were
confluent. Cells were extensively washed in DME/HAM medium withoutFCS and
subsequently maintained in DME/HAM containing 10pg /mI transferrin (control) or
variable concentrations of hydrocortisone (5-500 ng/ml). GPDHactivity, cellular
protein and DNA contents in cultured cellswere determined at d 12 post-
confluence. GPDH activity was used as indicator of cell differentiation.Cellular
protein and DNA were used as indicators of cell number andcellular growth. 500
ng/ml hydrocortisone significantly increased GPDH activity (P< .05). There was no
significant treatment effects on cellular protein and DNAcontents of cultured cells
(P> .05). Values are means ± SE of three independent experiments performedon
triplicate wells.Means with the same letter are not significantly different at
(P<.05).4
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FIGURE 2.3.(A) Dose-response relationship of triiodothyronineto the activity of
enzyme marker of adipocytedifferentiation.(B)Dose-responseeffect of
triiodothyronine on protein and (C) on DNA contents of culturedporcine adipose
stromal-vascular cells. Cells were inoculatedon 6 well plate at a density of 3 x 104
cells/cm2 in DME/HAM medium supplementedwith 10% FCS until they were
confluent. Cells were extensively washed in DME/HAMmedium without FCS and
subsequently maintained in DME/HAM containing 10pg /mI transferrin (control) or
variable concentrations of triiodothyronine (.1-100ng/ml). GPDH activity, cellular
protein and DNA contents in cultured cellswas determined at d 12 post-confluence.
GPDH activity was used as indicator of cell differentiation.Cellular protein and DNA
were used as indicators of cell number and cellular growth.There was no
significant treatment effectson GPDH activity, cellular protein and DNA contents
of cultured cells (P> .05). Valuesare means ± SE of three independent experiments
performed on triplicate wells.Means with the same letter are not significantly
different at (P < .05).DNA (µg /well)
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FIGURE 2.4. Photomicrographs of confluent porcine adipose stromal-vascular cells
stained with oil red 0. Post-confluent cells were cultured for 12 d in (A) DME/HAM
medium containing 10 pg /mI transferrin without hormone supplementation (a)or
with 100 pU/m1 insulin (b), 500 ng /mI hydrocortisone (c), 1 ng/ml triiodothyronine
(d). Cells were washed in phosphate buffered saline, fixed in 10% formalin, stained
with oil red 0 and counterstained with Harris hematoxylin. Cells stained with oil red
indicate lipid deposition. Nuclei were stained blue. None of thetreatments promoted
lipid deposition. Magnification= 100x. Bar = 200 p.55
Figure 2.456
FIGURE 2.5. Photomicrographs of confluent porcine adipose stromal-vascular cells
treated with combinations of different hormones. Post-confluent cellswere cultured
for 12 d in DME/HAM medium containing 10 pg/ml transferrin; supplemented with
(A) 100 pU/rnl insulin and 500 ng/ml hydrocortisone, (B) 1 ng/ml triiodothyronine
and100 pU/m1insulinand(C)500 ng/mlhydrocortisoneand 1ng/ml
triiodothyronine.Cells were washed in phosphate buffered saline, fixed in 10%
formalin, stained with oil red 0 and counterstained with Harris hematoxylin.
Cytoplasmic lipid droplets were stained red with oil red 0 and indicated lipid
deposition.Cell nuclei were stained blue with hematoxylin.
Combination of insulin and hydrocortisone stimulatedlipiddeposition.Lipid
deposition was seen in cultures treated with triiodothyronine only when insulinwas
present. Magnification = 100x. Bar = 200 p.F
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Chapter 3
EFFECT OF AGE ON THE DIFFERENTIATION OF PORCINE ADIPOSE
STROMAL-VASCULAR CELLS IN CULTURE63
ABSTRACT
Stromal-vascular (S-V) cells isolated from adipose tissue of newborn and
mature pigs by collagenase digestion were used to evaluate differences in
preadipocyte development. Cells were seeded at a density of 3x 104 cells/cm2 on
6 well (35 mm) tissue culture plates in 3 ml DME/HAM's medium plus 10% fetal
calf serum and cultured at 37 °C under a humidified atmosphere of 95% air:5% CO2
for 24 h. Cells were then washed thoroughly in DME/HAM's medium withoutfetal
calf serum and maintained in serum free (SF) mediumor SF medium supplemented
with 2.5% newborn pig serum (NBPS) or mature pigserum (MPS) for 12 days.
Newborn pig cells cultured in SF medium had higher sn-glycerol-3-phosphate
dehydrogenase (GPDH; EC 1.1.1.8) specific activity than mature pig cells cultured
in the same medium.Neither NBPS or MPS affected GPDH specific activity of
newborn pig cell cultures.Expressed on per unit DNA basis, GPDH activity of
mature pig cells cultured in SF medium was higher than that of newborn pig cells,
reflecting the larger mature pig cell size. No differenceswere observed between
GPDH specific activity in mature pig cells cultured in NBPSor MPS. GPDH specific
activity was higher (P< .05), as was DNA concentrationper well (P < .05), in
newborn pig cells with either serum supplementation.Protein per well was not
significantly different in cultures of newborn versus mature pig cells cultured in the
same medium. Protein:DNA ratios were higher (P < .05) in cultures of mature pig
cells. Cells from newborn pigs appear to replicate faster and to bemore responsive
to serum borne factors influencing S-V cell growth and development in culture. This64
study demonstrates that intrinsicactivity of the cells rather thanserum borne
factors are responsible for thedivergence in the pattern of adiposetissue cellularity
of neonatal and postneonatalpigs.65
INTRODUCTION
Age related changes in body composition have been considered unavoidable
in the animal. Several structural changes take place in middle and late adulthood
in the human. The lean body mass decreases and adipose tissuemass increases
(Rudman, 1985). Several age related changes in adipose tissuemass and adipocyte
function have been observed in rats (Kirkland and Dax, 1984).Mechanisms
controllingage related changes in adipose tissue mass have not been fully
elucidated.
In vivo studies have shown that adipose tissue contains cell fractions which
are able to proliferate and differentiate into mature adipocytes (Hollenberg and Vost,
1968; Greenwood and Hirsch, 1974; Gaben-Cogneville and Swerczewski1979).
Primary cultures of stromal-vascular cells (S-V) isolated fromadipose tissue of
various species including man have shown the existence ofcells capable of
proliferating and acquiring adipocyte phenotype and biochemicalcharacteristics
(Bjorntorp et al.,1978; Hauner et al.,1989; Ramsayet al., 1989a). The growth and
development of S-V cells in culture provide a valid model of adipocyte development
in vivo (Hauner and Loffler, 1987). Djian et al. (1983) and Kirklandet al. (1990)
have used cell culture technique to explore the cellular basis responsiblefor some
of the changes in adipose tissue mass and function duringaging.Adipocyte
precursor cells from young animals may replicate faster than cells from the older
animals (Djian et al., 1983; Kirkland et al., 1990) andyoung animals contain more
clones capable of full differentiation into adipocytes (Kirklandet al., 1990). Hauner66
et al. (1989) concluded that adipose tissue obtained froman animal at any age
contains a pool of preadipocytes anddecreased ability of cells to differentiateas
animal gets older is due to inability ofprecursor cells to respond to extracellular
stimuli and or decreased number ofprecursor clones.
Age dependent changes in the levels ofserum hormones may have possible
regulatory effect on preadipocyte growthand development. The fetal levels of
insulin were very low in comparisonto postnatal levels in pigs (Martin et al., 1985).
The concentrations of growth hormonein the serum of fetal pigs have been shown
to be higher than the concentrations in postnatalpig serum (Martin et al., 1984;
1985).In rodents, levels of circulating insulin-likegrowth factor-1 (IGF-1) were
lower in fetal than postnatal mice(D'Ercole and Underwood, 1980).Another
possible regulating hormone that could beaffected by age is triiodothyronine (T3).
T3 is three times higher in postnatal pigsthan in fetal pig serum (Martin et al. 1984).
Cortisol concentration is higher in fetal andneonatal pigs and decreases with
maturity (Dvorak, 1972). Changes inserum borne components or factors influence
the growth and development ofpreadipocytes (Ramsay et al., 1987a). The effect
of aging on the ability of S-V cellsto proliferate and differentiate and the capability
of sera obtained from pigs of differingages to promote proliferation and
differentiation have not been studied inprimary cultures of porcine S-V cells.
Therefore, the purpose of this studywas to determine whether age related
physiological factors regulateserum adipogenic components and differences in
sensitivity and responsiveness of cellsto these adipogenic components.67
MATERIALS
Dulbecco's Modified Eagle's Medium (DME, D-5523), Nutrient mixture F-12
(HAM, N-6760),dihydroxyacetone phosphate(DHAP,D-7137),reduced
nicotinamide adenine dinucleotide (NADH, N-8219) gentamicin sulfate (G-1264),
hydrocortisone (H-0135),insulin(I-1882),triiodothyronine(T-5516), bovine
transferrin(T-8027), hematoxylin (HHS-2-16), were purchased from Sigma
Chemical Co.(St. Louis, MO). Bovine serum albumin (BSA, Bovuminar Reagent CRG-
7) was purchased from Armour Pharmaceutical Co. (Tarrytown,NY); collagenase
(type I) from Worthington Biochemical (Freehold, N.J.); thiamylal-sodium (Biotal)
from Boehringer-Inglheim Animal Health Inc.(St Joseph, MO); fetal calfserum (FCS)
from Intergen Co.. (Purchase, N Y); Fungizone from Gibco BRL (Gaithersburg, MD);
and Prepodyne from AMSCO, Medical Products Division (Erie, PA).All other
reagents were of analytical grade.
METHODS
Animal and biopsy procedure
Crossbred pigs less than one day old from a commercial producerwere killed
by CO2 asphyxiation.Pigs were scrubbed with Prepodyne and rinsed thoroughly
with 70% ethanol solution, and placed on a sterile surgical tray ina laminar flow
hood. An incision was made with a sterile scalpel through the skin from about .5
cm posterior to the base of the skull along the sagittal plane to the scapula and from
the midline about 3 cm laterally on both ends. Adipose tissue in the exposedarea
was carefully removed from the underlying tissue with sterile forceps and scissors.68
For experiments utilizing cells from mature pigs, adipose tissue samples from
subcutaneous neck region were obtained from 7 month old crossbred barrows
during slaughter as previously described by Akanbi et al. (1990).
Sera collection
Blood was collected by aortic puncture at time of slaughter from 7 month old
(110 Kg) crossbred barrows that have been maintained on ad libitum corn-soybean
based diet. Blood was collected from newborn pigs by venipuncture of the anterior
vena cave. Blood samples were allowed to clot overnight at 4 °C. After clotting,
the sera were separated by centrifugation and filter sterilized using a 0.45pm sterile
acrodisc low protein binding filter (Gelman Sciences, Ann Arbor, MI). Sera from six
pigs were pooled before use in culture.
Stromal-Vascular Cells Isolation
Dissected tissue samples were put in a petri dish containing Krebs-Ringer
bicarbonate buffer (KRB, 37 °C; pH 7.4) 118 mM NaCI, 4.8 mM KCI, 10 mM
HEPES, 5 mM glucose and 40 mg/L gentamicin sulfate, equilibrated with 95 % 02
: 5 %CO2 and sterilized by filtering through a 0.22 pm acrodisc filter (Nalgene Co,
Rochester, NY). Adipose tissue samples (3 g) were minced with a pair of sterile
scissors and digested in a 25 ml digestion flask at 37 °C in a gyratory water bath
for 1hr with 9 ml filter sterilized KRB buffer containing 3 % BSA and 2 mg/ml
collagenase. Digested tissue was filtered through a sterile single layer of polyester
chiffon into 50 ml sterile polypropylene tubes. Floating adipocyteswere separated69
from other cells by aspirating the infranatant witha sterile syringe fitted with a long
needle. The infranatant cell suspension was centrifugedat 800 x g for 10 min. S-V
pellets were washed three times in DME/HAM medium (1:1 v/v) containing 15 mM
NaHCO3, 15 mM HEPES buffer (pH 7.4), 40 mg/L gentamicin sulfate and2 mg/L
Fungizone and supplemented with 10% FCS (plating medium).
Cell Culture
Aliquots of the S-V cells were removed, stained with Rappaport's stain and
counted on a hemocytometer. S-V cellswere seeded in 3 ml plating medium on
Corning 6 well (35 mm) tissue culture platesat a density of 3 x 10 4 cells/cm2.
Cells were cultured at 37 °C under a humidified atmosphere of 95% air: 5%CO; 24
hours later cells were washed 2x 5 minutes and 1x 1 hour with platingmedium
withoutFCS.Cells were subsequently maintained in test media.Test media
consisted of 20 pU/m1 insulin, 1 ng/ml triiodothyronine, 25ng/ ml hydrocortisone,
10 Ng/ml transferrin and 2.5% treatmentsera as indicated in figures and legends.
Test media were changed every 3 days until day 12 whencultures were terminated
and protein, DNA and sn-glycerol-3-phosphate dehydrogenasewere determined.
Enzyme Analysis
Sn-glycerol-3-phosphate dehydrogenase (GPDH; EC 1.1.1.8)was measured
by a spectrophotometric methods for determination of oxidizedNADH during GPDH-
catalyzed reduction of DHAP (Kozak and Jensen, 1974)as modified by Wise and
Green, (1979).70
DNA and Protein Content
DNA was assayed as described by LaBarca and Paigen (1980) using salmon
testes DNA as a standard. Protein content was determined by bicinchoninic acid
(BCA) method using bovine serum albumin as a standard (Pierce Chemical CO.,
Rockford, IL).
Histochemistry
Representative wells from each treatment were fixed in 10% formalin,
stained with oil red 0 for lipid and counterstained with Harris hematoxylin (Boon and
Drijver, 1986) after 12 d of exposure to test media.
Statistical Analysis
This experiment used 2 x 3 factorial arrangement of treatments ina
complete randomized design (Steel and Torrie, 1980)Data were subjected to
analysis of variance and contrast between means were determined (SAS, 1987).
RESULTS
Stromal-vascular cells obtained from adipose tissue from subcutaneous neck
region of newborn pigs (NBPC) and mature pigs (MPC) were used tocompare age
dependent differences in growth and development of adipocyteprecursor cells
cultured in either newborn pig serum (NBPS) or mature pig serum (MPS). Cellswere
allowed to adhere for 24 h in DME/HAM's medium supplemented with 10% FCS.
Unattached cells, mainly red blood cells and tissue debris were removed by71
extensive washing with DME/HAM's medium. The adherent cells morphologically
have the resemblance of fibroblast. Figure 3.1 shows the photomicrograph of NBPC
and MPC maintained in DME/HAM's medium or DME/HAM's medium supplemented
with hormones (serum free) for 12 d.NBPC had very good adherence to the
surface of the culture dish. Some MPC were so loosely attached to the culture dish
that by d 12 in DME/HAM's medium most of the cells detached and floatedaway
leaving few or no attached cells in some culture dishes.Lipid histochemistry
revealed a higher number of lipid filled cells in NBPC cultured inserum free medium
compared with MPC cultured in the same medium (Fig. 3.1). Figure 3.2 shows the
photomicrographs of NBPC and MPC cultured in either NBPS or MPS. Thereare
more nuclei in cultures of NBPC in either NBPS or MPS than MPC in the same
medium. The photomicrographs also reveal that NBPC cultured in either NBPSor
MPS contained more numerous oil red 0 stained cells than MPC in thesame media.
Figure 3.3 shows the cellular protein content in cultured cells. Therewas
a significant difference between cellular protein content of NBPC and MPC cultured
in serum free medium (P< .05) and between cellular protein content of NBPC and
MPC cultured in NBPS (P< .05). Protein content of NBPC and MPC cultured in MPS
did not differ (P> .05).
The DNA content of cultured cells is shown in Figure 3.4. Therewas higher
DNA content (P< .05) in NBPC cultured in serum free medium compared with MPC
cultured in the same medium. NBPC cultured in NBPS had greater (P< .05) DNA
content than MPC cultured in the same medium and there was higher (P < .05) DNA
in cultures of NBPC in MPS than in cultures of MPC in thesame medium. Figure72
3.5 shows the protein:DNA ratio of cultured cells. MPC had higher protein:DNA
ratio than NBPC cultured in the same medium.
Differentiation of S-V cells was assessed by determination of sn-glycerol-3-
phosphate dehydrogenase activity on day 12 of culture and the morphological
criterion of differentiation was the presence of lipid droplets in the cytoplasm.
Figure 3.6 shows GPDH activity in cultured cells.Culture media have profound
effect on the differentiation of S-V cells.Cells grown in serum free medium
(DME/HAM supplemented with 20 pm/ml insulin, 25 ng /mI hydrocortisone, 1 ng/ml
triiodothyronine and 10 pg ml transferrin) had higher GPDH specific activity than
cells grown in medium supplemented with 2.5% NBPS or MPS. GPDH specific
activity was higher (P< .05) in NBPC cultured in serum free medium, NBPSor MPS
than it was in MPC cultured in the same media. When theenzyme activity was
expressed on per DNA basis, MPC cultured in serum free medium had the highest
GPDH activity (P< .05) compared to every other culture, and NBPC cultured in
serum free media had higher GPDH activity per DNA than NBPC cultured in NBPS
or MPS. There was no difference between GPDH activity per DNA in NBPC cultured
in NBPS and MPS. GPDH per well was higher (P< .05) in cultures of NBPC than
cultures of MPC in the same medium.
DISCUSSION
In the present study S-V cells obtained from two age groups of pigs have
been used to evaluate the effects of age on the capacities of S-V cells togrow and
differentiate in primary cultures. The ability ofsera obtained from these two groups
of pig to promote growth and development of S-V cells in culturewas also73
examined.Determination of GPDH activity in culture wells was used to assess
differentiation (Pairault and Green, 1979; Wiederer and Loffler, 1987; Hauner et al.,
1989; Gaben-Cogneville et al., 1990). Appearance of cytoplasmic lipid droplets
was also used as morphological criterion of S-V cell differentiation.
S-V cells from the two groups of pigs were seeded at thesame density in
DME/HAM's medium at the beginning of the culture period but at the time the
cultures were terminated there were fewer cells left in cultures of MPCas compared
with NBPC (Fig. 3.1). This phenomenon was not due to cell detachmentas a result
of cytoplasmic lipid deposition which might make lipid filled cells become buoyant.
There were no lipid droplets observed in cells maintained in DME/HAM's throughout
the culture period. The disparities in the ability of NBPC and MPC tostay attached
in culture might be due to differential regulation ofgenes. It is possible that certain
factors are secreted by S-V cells that facilitate cell attachment and because of
"ageing" the expression of genes responsible for such factorsare diminished.
However, supplementation of DME/HAM's medium with hormones might have
stimulated the expression of these genes in "aged cells" sincemore cells are visible
in cultures of MPC in hormone supplemented mediumas compared to DME/HAM's
medium alone. Until the different factors secreted by S-V cellsare characterized,
their roles incell attachment defined and effect of age on the secretions
determined, the reasons why S-V cells obtained from young animals attached better
in medium devoid of hormones or growth factors remaina mere speculation.
Under the conditions employed inthis study age caused differential
responsiveness of S-V cells to hormones and growth factors in the culture media74
hence the differences in differentiation activities between NBPC andMPC. It is not
known whether there are differences inreceptors and postreceptor activities in
NBPC and MPC. The differences in receptor andpostreceptor events between the
two cell types might influence the expression and activity ofenzymes and growth
regulators that might be responsible in differentiationevents (Djian et al, 1983).
Endocrine substances can influence adipose tissue accretion (Weekes,1983;
Muir, 1985; Tucker and Merkel, 1987). Most of the evidenceregarding endocrine
influence on adipocyte development come from studies ofcells in vitro.In vitro
approach permits clear interpretation of the effect ofa single endocrine substance
on a single cell type. The results of the present study cannot be solely attributed
to endocrine status of young animals.Level of insulin is lower in fetal than
postnatal pig serum (Martin et al., 1985). Insulin did notpromote differentiation in
primary cultures of pig S-V cells (Hentges and Hausman, 1989).Addition of insulin
to fetal pig serum which is inherently low in insulin enhanced differentiationactivity
in primary cultures of rat S-V cells (Hausman and Jewell,1988). The disparities in
these results might be due to differences in species of animalfrom which the S-V
cells were obtained and the complex interactions betweenhormones and growth
factors in serum.Fetal pigs have higher serum growth hormone levels when
compared to postnatal pig serum (Martin et al., 1984; 1985).Growth hormone has
only been shown to promote adipogenic activity inadipocyte-like celllines
(Morikawa et al., 1982; 1984; Doglio et al., 1986). Growth hormone either hadno
effect on differentiation activity (Wiederer and Loffler, 1987;Kalbitz and Mueller,
1990) or decreased differentiation in primary cultures (Hausmanand Martin, 1989).75
IGF-1 (D'Ercole and Underwood, 1980) and T3 (Martin et al., 1984) are lower in
fetal and postnatal animals. Thyroid hormone level influenced adipocyte number in
vivo (Picon and Levacher, 1979) and adipocyte development in vitro (Ramsay,
1985). IGF-1 can induce differentiation in primary cultures of pig S-V cells (Ramsay
et al., 1989a).In theory, therefore, endocrine status of young pigs does not
support adipocyte development. The hormonal millieu alone could not explain the
higher differentiation activity observed in cells cultured with NBPS. The present
study has demonstrated that serum borne factors have a major influence on the
growth and development of preadipocytes and the activity of these factor(s) can be
influenced by age of the animal. Sypniewska (1989) found that differentiation
activity in cultured rat S-V cells declined with age of plasma donors and suggested
that there arefactors in plasma other than hormone that could influence
preadipocyte differentiation.The results of present study support the view of
Sypniewska (1989). However, the degree of differentiation in the present study
does not agree with the work of Ramsay et al. (1987b) who reported that fetal sera
did not promote adipocyte formation.The discrepancies might be due to
differences in the culture conditions and differences in adipose stromal-vascular
cells used.Ramsay et al. (1987b) used stromal-vascular cells obtained from
adipose tissue of rats and did not use hormone supplemented medium for basal
medium. The higher differentiation activity in NBPS in the present study was
however, not potentiated by the addition of insulin, hydrocortisone and T3 to the
basal DME/HAM's medium since GPDH activity in MPC cultured in NBPS was
significantly different from GPDH activity in MPS (Fig. 3.3).76
The DNA data (Fig. 3.4) supports the observation that nuclei in NBPCare
more numerous than nuclei in MPC cultures (Fig. 3.2), implying that NBPC may
undergo more replication than MPC and as a result there are more cells and clones
that could undergo replication and differentiation in NBPC. Thepresent data also
indicate that there is a decline in cellular replicative capacity in pig S-V cellsas
animal grows older. This agrees with observations in other systems (Djianet al.
1983; Kirkland et al.,1990; Smith et al.,1978; Didinsky and Rheinwald, 1981;
Hayflick, 1965; Martin et al., 1970; Raes and Remacle, 1983; Rheinwald and
Green, 1977; Schultz and Lipton, 1982). Lumpkin et al (1986) founda high number
of anti-proliferative mRNAs in aging human diploid fibroblasts and concluded that
decline in cellular replicative capacity with agingmay be associated with the
production of inhibitors of replication. Evidence shows that thereare periods during
growth that the rate of cell replication diminishes during adipose tissue growth and
the subsequent growth is by increase in cell size.Measurement of adipocyte
number in pigs during growth showed that cell number continuesto increase until
5 or 6 weeks of age (Gurr et al., 1977). Severe feed restrictionto suckling pigs did
not change the adipocyte number in subcutaneous depot (Lee et al., 1973a,b)
indicating that in the fetal or early postnatal period of growth adipocyteprecursor
cells proliferate and establish a precursor pool that continues to increase in size.
This does not mean however, that proliferation of precursor cells in the stromal
fraction of adipose tissue is totally ceased in mature animal.Preadipocytes in
postnatal pig adipose stromal fraction can proliferate and differentiate in culture
(Novakofski, 1981). The decline in replicative capacity of MPC in vitro corresponds77
to that of in vivo adipose tissue development during postnatal period of life since
GPDH activity per cell was highest in MPC cultured in serum free medium. The high
GPDH activity per cell may be attributable to increase in cell size (protein:DNA ratio)
in MPC. Because of availability of space for cells to spread and grow MPC were
able to attain larger size than NBPC. Lack of available space in culture wells due to
crowding as a result of increase cell number might have contributed to the smaller
cell size in cultures of NBPC. Cellular differentiation and hypertrophy appear to
occur more readily than does replication in adipose tissue of postnatal pigs during
growth (Anderson and Kauffman 1973; Mersmann et al., 1975; Hood and Allen,
1977).
Fetal sera promotes rapid cellular replication in culture.Ramsay et al.
(1987b) reported that fetal pig sera promoted higher incorporation of 3H-thymidine
into cultured cells than postnatal pig sera. The higher DNA levels in cultures grown
in NBPS indicates that NBPS supported more cell proliferation than MPS. This might
be due to the presence of higher levels and/or activity of mitogenic factors in NBPS.
Although, there is no difference between DNA levels in NBPS and MPS using MPC,
the lack of difference might be due to decreased responsiveness of MPC to
mitogenic factors present in serum and/or decreased replicative capacity of the
cells.The mechanisms responsible for differences in the ability of S-V cells to
multiply and differentiate due to age are yet to be elucidated. Djian et al. (1983)
and Kirkland et al. (1990) however suggested that factors such as gene regulation,
hormones, autocrine and paracrine factors which may mediate the effect of aging
could affect replicative and differentiation rate of S-V cells and must be considered78
as possible mechanisms responsible for the differences.
The fact that age could affect development of preadipocytes and could
change the activity and/or levels of adipogenic and growth factors inserum is
intriguing and requires further exploration.Identification of these factors could
enhance our ability to manipulate the growth and composition of meat producing
animals.79
FIGURE 3.1. Photomicrographs of pig adipose stromal-vascular cellsgrown in
medium.Cells were inoculated at a density of 3 x 104 cells/cm' andgrown in
DME/HAM's medium containing 10% FCS for 24 h. after which cellswere washed
with DME/HAM's medium without FCS. Cells were subsequentlygrown in either
DME/HAM's mediumcontaining10pg/mltransferrinwithouthormone
supplementationorwithsupplementation(20pU/m1insulin,25ng /mI
hydrocortisone and 1 ng/ml triiodothyronine; SF). (A) newborn pig cells (NBPC)and
(B) mature pig cells (MPC) grown in DME/HAM's medium without hormone
supplementation. (C) NBPC and (D) MPC grown in SF. On day 12 of culture cells
were washed with phosphate buffered saline, fixed in 10% formalin, stained with
oil red 0 and hematoxylin. Cytoplasmic lipid dropletswere stained red with oil red
0 while nuclei were stained blue with hematoxylin. Therewere no lipid droplets in
cells maintained in DME/HAM's medium without hormone supplementation.
Hormone supplementation stimulated lipid deposition. Note the abundantlipid
containing in C as compared to D and fewer cells in Bas compared to A.
Magnification = 100x. Bar = 200 p.8
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FIGURE 3.2.Photomicrographs of adipose stromal-vascular cells obtained from
newborn pigs (NBPC) and mature pigs (MPC) cultured inserum from pigs of either
ages.Cells were inoculated at a density of 3 x 104 cells/cm2 and maintainedin
DME/HAM's medium containing 10% FCS for 24 h. after which cellswere washed
in DME/HAM's medium without FCS.Cells were subsequently maintained in
DME/HAM's medium containing 20 pU /mI insulin, 25 ng/ml hydrocortisoneand 1
ng/ml triiodothyronine supplemented with 2.5% newborn pig (NBPS)or mature pig
(MPS) serum for 12 d. (A) MPC in NBPS; (B) NBPC in NBPS; (C) MPC in MPSand
(D) NBPC in MPS. On day 12 cells were washed with phosphate bufferedsaline
and fixedin 10% formalin.Cells were then stained withoilred 0 and
counterstained with hematoxylin and photomicrography was performed. Oil red0
stained the cytoplasmic lipid droplets red and hematoxylin stained thecell nuclei
blue. Cells stained with oil red 0 indicate lipid deposition. Note themore numerous
nuclei in B compared to A and in D compared to C. Thereare more lipid containing
cells in B compared to A and in D compared to C. Magnification= 100x. Bar =
200 p.8
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FIGURE 3.3.Protein content of cultured porcine stromal-vascular cells obtained
from adipose tissue of newborn and mature pigs. Cells were seededon 6 well plate
at a density of 3 x 104 cells/cm2 in DME/HAM's medium supplemented with 10%
FCS for 24 h. Cells were extensively washed in DME/HAM's medium withoutFCS
and subsequently maintained in DME/HAM containing 10 pg /mI transferrin, 20
NU /ml insulin, 25 ng/ml hydrocortisone and 1 ng /mI triiodothyronine withoutserum
(SF) or with 2.5% newborn pig serum (NBPS) or 2.5% mature pigserum (MPS).
Cellular protein content in cultured cells was determined on d 12. Valuesare means
± SE of three independent experiments performed on triplicate wells. Means with
the same letter are not significantly different at P < .05..0.-
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FIGURE 3.4. DNA content of cultured porcine stromal-vascular cells obtained from
adipose tissue of newborn and mature pigs.Cells were seeded on 6 well plate at
a density of 3 x 104 cells/cm' in DME/HAM's medium supplemented with 10% FCS
for 24 h. Cells were extensively washed in DME/HAM's medium withoutFCS and
subsequently maintained in DME/HAM containing 10 pg /mI transferrin, 20pU/m1
insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine withoutserum (SF)
or with 2.5% newborn pig serum (NBPS) or 2.5% mature pig serum (MPS). DNA
content in cultured cells was determined on d 12. Values are means ± SE of three
independent experiments performed on triplicate wells. Means with thesame letter
are not significantly different at P< .05.6.0
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FIGURE 3.5.Cellular protein:DNA ratio of cultured porcine stromal-vascular cells
obtained from adipose tissue of newborn and mature pigs.Cells were seeded on
6 well plate at a density of 3 x 104 cells/cm2 in DME/HAM's mediumsupplemented
with 10% FCS for 24 h.Cells were extensively washed in DME/HAM's medium
without FCS and subsequently maintained in DME/HAM containing10 pg /mI
transferrin, 20 pU/m1 insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine
without serum (SF) or with 2.5% newborn pigserum (NBPS) or 2.5% mature pig
serum (MPS). Protein and DNA contents in cultured cells were determinedon d 12
and ratio of protein to DNA was calculated.Values are means ± SE of three
independent experiments performed on triplicate wells. Means with thesame letter
are not significantly different at P < .05.1 0 .0
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FIGURE 3.6.Sn-glycerol-3-phosphate dehydrogenase in stromal-vascular cells
obtained from adipose tissue of newborn and mature pigs.Cells were inoculated
on 6 well plate at a density of 3 x 104 cells/cm' in DME/HAM's medium
supplemented with 10% FCS for 24 h.Cells were extensively washed in
DME/HAM's medium without FCS and subsequently maintained in DME/HAM
containing 10 Ng/ml transferrin, 20 NU /ml insulin, 25 ng/ml hydrocortisone and 1
ng/ml triiodothyronine without serum (SF) or with 2.5% newborn pigserum (NBPS)
or 2.5% mature pig serum (MPS). GPDH activity in cultured cells was determined
on d 12.(A) Enzyme activity expressed as per mg protein, (B) enzyme activity
expressed on per well basis and (C) enzyme activity expressedon DNA basis.
Values are means t SE of three independent experiments performedon triplicate
wells. Means with the same letter are not significantly different at P < .05.G
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Chapter 4
EFFECT OF SERA FROM FED AND FASTED PIGS
ON THE DIFFERENTIATION OF ADIPOSE
STROMAL-VASCULAR CELLS IN CULTURE97
ABSTRACT
Effect of 3-5 days of fasting on the ability ofserum to promote growth and
development of preadipocytes in primary cultures of stromal-vascularcells from
adipose tissue of pig and rat was studied. Sn-glycerol-3-phosphatedehydrogenase
(GPDH; EC 1.1.1.8) specific activitywas significantly increased (P < .05) in cultures
of rat or pig adipose stromal-vascular cellsgrown in serum from pigs fasted for 3
or 5 days as compared to serum obtained from fed pigs. Therewas no difference
(P> .05) between GPDH activity of rat or pig cells cultured insera obtained from
pigs fasted for 3 and 5 days. Protein and DNAcontents of pig cell cultures showed
no statistical differences (P> .05) between treatments. Fasted pigsera decreased
(P < .05) DNA content of rat cell cultures but proteincontent was not affected
(P> .05). These results suggest that a 3-5 day fastmay induce changes in serum
levels or activities of factors influencing preadipocytedifferentiation in culture.98
INTRODUCTION
Overfeeding by oral gavage has been shown to increase bodylipid in rats
(Jewell et al.,1988; Harris and Martin, 1986). Feeding of high fat dietto lean and
obese pigs resulted in more carcass adipose tissue deposition in bothstrains of pigs
(Mersmann et al., 1984). Increase in body lipid as a result of overfeedingor feeding
of high fat can result from at least two possible phenomena.First, it may simply
be filling of existing differentiated adipocytes with lipid. Secondly,increase in cell
number of adipocytes due to the stimulation of primary preadipocyteproliferation
and their subsequent differentiation into adipocytesmay account for the increased
body lipid deposition. An increase in adipose cell number inmature rats can result
in response to being fed a highly palatable high fator high sugar diet (Faust et al.,
1978; Faust and Miller, 1983). Undernutrition ofrats followed by rehabilitation
resulted in a rapid deposition of fatin the body (Harris,1980).Chronic
undernutrition impaired fat cell replication and rehabilitationfrom undernutrition
caused increased cell replication in the subcutaneous fat depots(Kirtland and Harris,
1980)
In vivo studies have shown that adipose tissue contains cellfractions which
are able to proliferate and differentiate into mature adipocytes during adiposetissue
growth (Hollenberg and Vost, 1968; Greenwood and Hirsch,1974; Gaben-
Cogneville and Swierczewski, 1979). The growth and developmentof adipose
stromal-vascular cells in culture provide a valuable model for adipocytedevelopment
in vivo (Hauner and Loffler, 1987) and have been usedto evaluate factors regulating99
the differentiation of precursor cells into adpocytes (Loffler and Hauner, 1987).
Jewell et al.(1988) have evaluated the effect of sera obtained from control and
over-fed rats on preadipocyte proliferation and differentiation in culture. Serum
from over-fed rats increased preadipocyte differentiation but decreased proliferation
when compared to the control.Plasma from rats fed high fat, high sugar diet
promoted a higher degree of lipid filling than plasma from fastedrats in culture of
rat adipose stromal-vascular cells (Bjorntorp et al., 1985). Changes inserum borne
components or factors have a profound control on growth and development of
preadipocytes (Ramsay et al., 1987). Little is known about the effectsof fasting
on serum factors that may influence the growth and development of preadipocytes
in animals. The purpose of this studywas to investigate fast-induced changes in
the ability of serum to promote differentiation of pig andrat adipose stromal-
vascular cells in culture.
MATERIALS
Dulbecco's Modified Eagle's Medium (DME, D-5523), nutrient mixtureF-12
(HAM, N-6760),dihydroxy acetone phosphate(DHAP,D-7137),reduced
nicotinamide adenine dinucleotide (NADH, N-8219), gentamicin sulfate(G-1264),
hydrocortisone (H-0135), insulin(I-1882), triiodothyronine(T-5516), bovine
transferrin (T-8027), and hematoxylin (HHS-2-16) were purchased fromSigma
Chemical Co.(St. Louis, MO).Bovine serum albumin (BSA, Bovuminar Reagent
CRG-7) was purchased from Armour PharmaceuticalCo.(Tarrytown,NY);100
collagenase (type I) from Worthington Biochemical (Freehold, N.J.); fetal calfserum
(FCS) from Intergen Co.. (Purchase, N Y); Prepodyne from AMSCO,Medical
Products Division (Erie, PA); and Fungizone from Gibco BRL (Gaithersburg,MD). All
other reagents were of analytical grade.
METHODS
Animals
Eight crossbred barrows weighing between 90-100 Kg from OregonState
University Swine Center fed corn soybean meal based dietwere randomly assigned
to two treatment groups. The control group (fed) continued to be fedcorn soybean
baseddiet ad libitum.The other group was subjected to a five day fast with
continuous access to water. Crossbred pigs less thanone day old were obtained
from a commercial producer and male Sprague-Dawleyrats weighing 160-180 g
were purchased from Simonsen Laboratories, Inc. (Gilroy, CA). Both newbornpigs
and Sprague-Dawley rats served as cell donors.
Sera Collection
Blood was collected from the fed and fasted piggroups on d 3 and d 5 of the
experiment by venipuncture of the anterior vena cava usinga 50 ml syringe fitted
with long 14 gauge needle.Blood was allowed to clot overnight at 4 °C. After
clotting, the sera were separated by centrifugation and filter sterilizedusing 0.45
pm sterile acrodisc, low protein binding filter (Gelman Sciences, Ann Arbor, MI).
Pooled fed serum and pooled fasted pig serumwere used in culture.101
Stromal-vascular cell Isolation
Animals were killed by CO2 asphyxiation, scrubbed with Prepodyne and
rinsed with 70% ethanol solution.Disinfected pig or rat was placed on sterile
surgical tray in a laminar flow hood. Incision was made in pig's skin from about .5
cm posterior to the base of the skull along the sagittal plane to the scapula and from
the midline to about 3 cm laterally on both ends with a sterile scalpel. Adipose
tissue sample in the exposed area was carefully removed from the underlying tissue
with sterile forceps and scissors. For rats, incision was made at the ventral skin
transversely at the median line just over the diaphragm with sterile scissors. The
skin was cut longitudinally, grasping the skin on both sides of thecut with two
pairs of sterile scissors the skin was pulled in the opposite directions toexpose the
ventral surface of the body. The inguinal fat pads on both thighswere removed
from the underlying tissue with sterile forceps and scissors.Dissected tissue
samples were put in separate petri dishes in a KRB solution containing 118 mM
NaCI, 4.8 mM KCI, 1.3 mM CaCl2, 1.2 mM KH2 PO4, 1.3 mM MgSO4, 10mM
HEPES, 5 mM glucose and 40 mg/L gentamicin sulfate, equilibrated with95%
02:5% CO2 and sterilized by filtering through 0.45 pm Nalgene disposable syringe
filter (Nalge Co., Rochester, NY). Adipose tissue samples (3 g)were minced with
sterile scissors and digested at 37 °C in a gyratory water bath for 1 hr ina 25 ml
polypropylene flask containing a filter sterilized solution of 18 mg collagenase in 9
ml of KRB buffer containing 3% BSA. Digested tissue was filtered througha sterile
single layer of polyester chiffon, and cell suspension was centrifugedat 800 x g for
10 min. Stromal-vascular (S-V) pellets were washed three times in plating medium102
(DME/Ham's medium; 1:1, v/v) containing 15 mM NaHCO3, 15 mM HEPES buffer
(pH 7.4), 40 mg/L gentamicin sulfate and 2 mg/I Fungizone and 10% FCS.
Cell Culture
Aliquots of the S-V cells were removed, stained with Rappaport's stain and
counted on a hemocytometer. S-V cells were seeded in plating mediumon Corning
6 well (35 mm) tissue culture plates at a density of 3 X 104 cells/cm2. Cellswere
cultured at 37 °C under a humidified atmosphere of 95% air:5% CO2; 24 hourslater
cells were washed 2 x 5 min. and 1 x 1h. with plating medium without FCS to
remove unattached materials, mainly erythrocytes and tissue debris.Cells were
subsequently maintained in test media. Test media consisted of platingmedium
without FCS plus 20 pU/m1 insulin, 1 ng/ml triiodothyronine, 10 Ng/ml transferrin
and 25 ng/ml hydrocortisone (ITTC) supplemented with 2.5% controlpig serum, 3
d or 5 d fasted pig serum. Test mediawere changed every 3 days until day 12
when cultures were terminated and protein, DNA and sn-glycerol-3-phosphate
dehydrogenase activity were determined.
Enzyme Analysis
Sn-glycerol-3-phosphate dehydrogenase (GPDH; EC 1.1.1.8)was measured
by spectrophotometric methods of Kozak and Jensen (1974)as modified by Wise
and Green (1979).103
DNA and Protein Content
DNA was assayed as described by LaBarca and Paigen (1980) using salmon
testes DNA as a standard. Protein content was determined by bicinchoninic acid
(BCA) method using bovine serum albumin (BSA) as a standard (Pierce Chemical
Co., Rockford, IL).
Histochemistry
Representative wells from each treatment were fixed in 10% formalin,
stained with oil red 0 for lipid and counterstained with Harris hematoxylin (Boon and
Drijver, 1986) after 12 d of exposure to test media.
Statistical Analysis
Data were subjected to one-way analysis of variance according to General
Linear Models Procedure and means separated by Least Significant Difference test
(SAS, 1987).
RESULTS
The influence of serum type on the cellular protein content of porcine S-V
cell cultures is shown in Figure 4.1.There was no difference in the amount of
protein in S-V cell cultures fed the different sera. Cellular protein levels in cultured
rat S-V cells was not significantly affected by the different sera (Figure 4.2;
P> .05).The capability of serum to stimulate porcine S-V cell replication as
measured with DNA level in cultured cells was not influenced by fasting. S-V cell104
DNA levels were not different in the threesera (P> .05; Figure 4.3), but there was
a significant decrease (P< .05) in DNA level of rat S-V cells cultured ineither fasted
pig sera (Figure 4.4).
GPDH activity in porcine S-V cells as influenced bysera is shown in Figure
4.5. There was higher GPDH activity in culturesgrown in serum obtained from
fasted pigs than in cultures grown inserum obtained from fed pigs. There was no
difference in GPDH activity of porcine S-V cellsgrown in serum obtained from 3 d
or 5 d fasted pigs. The activity of GPDH in rat S-V cellsas influenced by serum
type is shown in Figure 4.6. GPDH activitywas greater (P < .05) in cultures of rat
S-V cells receiving either fasted pigserum than in cultures receiving fed pig serum
from fed pigs. Sera from fasted pigs increased GPDHactivity by over 90%. There
was no difference in the ability of sera obtained from 3 and 5 dayfasted pigs to
stimulate GPDH activity in rat S-V cells.Porcine S-V cells with cytoplasmic lipid
droplets appeared as big cluster of cells in culturesgrown in either of the fasted pig
sera (Figure 4.7).Oil red 0 staining revealed that thereare more numerous cells
with cytoplasmic lipid droplets in rat adipose S-Vcells grown in fasted pig serum
than in cells grown in fed pig serum (data not shown).
DISCUSSION
One of the functions performed by adipocytes is thestorage of energy as
triglyceride during abundance of food supply and the releaseof the stored energy
during deprivation.Studies of adipose tissue development showed thathigh fat
feeding or overfeeding can result in increasedadipocyte number in rats (Faust,105
1978; Faust and Miller, 1983) consequently, resulting in increase inbody lipid
deposition (Jewell at al. 1988; Harris and Martin, 1986; Mersmannet al.,1984).
At the cellular levellittleis known about the possible effect of fastingon
preadipocyte development, except that adipocytes release their fatstores (Miller et
al., 1983).Cell culture systems provide us with a tool to examine theeffect of
changes in serum borne factors on a particular tissueor cell type. This study used
S-V cells from adipose tissue of pigs and ratsto evaluate fast-induced changes in
the ability of serum to support S-V cell growth and development.The results
indicate that sera obtained from fasted pigs stimulated higherdifferentiation activity
and lipid filling in both rat and pig adipose S-V cells inculture. This is in contrast
to the work of Bjorntorp at al. (1985), who reported that therewas little or no lipid
filling in cells cultured with plasma from fastedrats; however, the present results
are in agreement with another observation of Bjorntorp et al. (1985) thatplasma
from fasted rats supported GPDH activity.
Fasting is used primarily in the treatment of morbidlyobese individuals to
cause weight loss (Bloom,1959; Duncan et al.,1963). During nutritional deprivation
the major metabolic fuel is from adipose tissue.Facilitatory action or permissive
effects of a wide variety of hormones augment lipolytic activityin adipose tissue
causing circulating free fatty acids and glycerolto rise. Blood serves as the vehicle
for transporting all nutrients to individual cells; alterations innutrient levels in the
sera of fasted pigs could partly explain the present result. Increases in circulating
lipids in fasted pig sera could enhance higher lipid depositioncompared with fed pig
serum and as a result there could be stimulation of GPDH activity to furnishthe106
glycerol backbone for triacylglycerol synthesis. Arachidonic acid has been shown
to promote terminal differentiation and triacylglycerol accumulation in Ob17 cells
(Gaillard et al. 1989). Long chain fatty acids have been shown to potentiatethe
effect of glucocorticoid (Abumrad et al., 1991). Abumrad et al. (1991) concluded
that increase in availability of fatty acids might add to or modulate the inductionof
proteins necessary for preadipocyte differentiation. Therefore, rise incirculating
fatty acids associated with fasting could be one of thereasons why sera obtained
from fasted pigs stimulated higher differentiation activity in cultured S-Vcells.
Changes in the concentrations of circulating hormones and bloodmetabolites
have been reported during feed restriction in pigs (Kasser et al.,1981;Kornegay et
al., 1964; Hodate et al.,1983; Buonomo and Baile, 1991). Hormonesand growth
factors present in the extracellular environment have profound influenceon growth
and function of cells (Darmon et al.,1981) and changes inserum borne components
or factors have significant effect on growth and development of preadipocytes
(Ramsay et al.,1987). Growth hormone increased the expression ofdifferentiation-
dependent mRNAs in Ob17 cells (Doglio et al., 1986) and stimulateddifferentiation
and adipose conversion of 3T3 cells (Morikawa et al., 1982; Morikawaet al., 1984)
and Ob17 cells (Ailhaud et al.,1983).Growth hormone had no effect on
preadipocyte differentiation in rat (Wiederer and Loffler, 1987) and pig (Kalbitzand
Mueller, 1990) and inhibited differentiation in pig primary cultures(Hausman and
Martin, 1989). Growth hormone has been shown to be higher in plasmaof fasted
pigs (Kasser et al., 1981; Hodate et al., 1983; Buonomo and Bai le,1991).It is
however unlikely that growth hormone differences can explain the increasedGPDH107
activity in cell cultures fed sera obtained from fasted pigs since growth hormone
does not influence differentiation in primary cultures (Wiederer and Loffler, 1987;
Hausman and Martin, 1989; Kalbitz and Mueller, 1990).Another possible
regulating hormone in this system is cortisol.Feed restriction disrupted the
circadian rhythm of plasma cortisol in pigs (Becker, 1990), and therewas inverse
relationship between feed intake and plasma concentrations of cortisol (Lepineet
a1.,1989). Increase in the level of plasma cortisol has also been observed inhumans
during fasting (Boyle et a1.,1989).Glucocorticoids stimulated preadipocyte
differentiation in culture (Chapman et al.,1985; Schiwek and Loffler, 1987)and
have been found to be a major component of adipogenic activity in humanserum
(Schiwek and Loffler, 1987). Some of the variations in the ability ofsera obtained
from fed and fasted pigs may be attributable to variation in cortisollevels.
However, the basal medium used in the present system consisted ofinsulin,
hydrocortisone, triiodothyronine and transferrin.It is unlikely that the effect of
fasted pig serum, which has been shown to be inherently lower in insulinthan
serum obtained from fed pigs (Buonomo and Baile, 1991), was masked by the
addition of insulin or other hormones to the basal medium since GPDH activity,
protein and DNA contents of cells cultured in basal medium alonewere significantly
different from what was obtained from cells cultured in basal medium supplemented
with fasted pig sera (data not shown). There might be factors other thanhormones
contributingto adipogenic activityin serum.Since serum contains many
components, some of which have been characterized,and otherspoorly
characterized or not studied at all, the present results support the view ofLoffler108
and Hauner (1987) that there are yet unknownor undefined adipogenic factor (s)
in serum. Thus, a 3 or 5-day fast may increase the levelsor activities of some
factor(s) in blood that normally promotes adipocyte differentiationand adipose
conversion. The fact that fasted pig sera stimulated higher differentiationactivity
in primary culture remains intriguing and warrants furtherexploration.
The DNA data from primary cultures of rat S-V cells culturedin sera from
fasted pigs indicates that there is a tendency for fasted pigsera not to support cell
replication.Thyroid hormone levels are decreased in fasted pigs(Hodate et al.,
1983; Buonomo and Bai le, 1991) and thyroid hormonestatus influences adipocyte
number in vivo (Picon and Levacher, 1979). Another regulatoryhormone that can
affect cell replication in this system is insulin-like growth factor-1(IGF-1).3T3-
F442A Cells became sensitive to the mitogenic effect of IGF-1after being exposed
to growth hormone (Zezulak and Green, 1986). Fasting decreasedcirculating IGF -1
level despite an increase in plasma growth hormone(Buonomo and Bai le, 1991).
Ability of fasted pig serum to decrease muscle cell proliferationhas been observed
(White et al.,1988). Some serum-dependent changes in muscle cellproliferation in
vitro have been attributed to decreased levels of circulatingIGF-1 and increased
levels and/or activities of factors that inhibit the proliferationof myogenic cells in
serum of fasted pigs (White et al., 1988). An inhibitory factor in fasted pigserum
has been partially purified (White et al., 1989).It is not known whether thesame
factors could play an inhibitory role in adipose S-V cell proliferation.Further studies
are required using tritiated thymidine to see whether serum from fasted pigsinhibits
S-V cell proliferation in culture.109
Because fasting causes serum changes that affect adipose S-V cell
differentiation and may induce changes that affect cell proliferation, investigation
of changes in circulating factors that may affect adipocyte development in culture
should increase our knowledge of the biology of adipocyte development inmeat
producing animals.110
FIGURE 4.1.Protein content of cultured porcine stromal-vascular cells obtained
from adipose tissue of newborn pigs.Cells were seeded on 6 well plates at a
density of 3 x 104 cells/cm2 in DME/HAM's medium supplemented with 10% FCS
for 24 h. Cells were extensively washed in DME/HAM's medium without FCS and
subsequently maintained in DME/HAM's containing 10 pg/ml transferrin, 20 pU/m1
insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine supplemented with
2.5% control pig serum (Fed), 2.5% 3 d fasted pig serum (3d F) or 2.5% 5 d fasted
pig serum (5d F). Cellular protein content in cultured cells was determined on d 12.
Values are means ± SE of four independent experiments performed on triplicate
wells. Means with the same letter are not significantly different at P < .05.800
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FIGURE 4.2. Protein content of cultured rat stromal-vascular cells obtained from
inguinal adipose tissue of male Sprague-Dawley rats. Cells were seededon 6 well
plate at a density of 3 x 104 cells/cm2 in DME/HAM's medium supplemented with
10% FCS for 24 h. Cells were extensively washed in DME/HAM's medium without
FCS and subsequently maintained in DME/HAM's containing 10 pglml transferrin,
20 pU/m1insulin,25 ng/mlhydrocortisoneand 1ng/mltriiodothyronine
supplemented with 2.5% control pig serum (Fed), 2.5% 3 d fasted pigserum (3d
F) or 2.5% 5 d fasted pig serum (5d F).Cellular protein content in cultured cells
was determined on d 12. Values are means ± SE of four independent experiments
performed on triplicate wells.Means with the same letter are not significantly
different at P< .05.500
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FIGURE 4.3. DNA content of cultured porcine stromal-vascular cells obtainedfrom
adipose tissue of newborn pigs. Cells were seededon 6 well plates at a density of
3 x 104 cells/cm2 in DME/HAM's medium supplemented with 10% FCS for 24h.
Cells were extensively washedin DME/HAM's medium without FCS and
subsequently maintained in DME/HAM's containing 10 pg/m1 transferrin, 20,uU/m1
insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine supplementedwith
2.5% control pig serum (Fed), 2.5% 3 d fasted pig serum (3d F)or 2.5% 5 d fasted
pig serum (5d F). DNA content in cultured cellswas determined on d 12. Values
are means ± SE of four independent experiments performed on triplicate wells.
Means with the same letter are not significantly different at P< .05.3.0
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FIGURE 4.4. DNA content of cultured rat stromal-vascular cells obtainedfrom
inguinal adipose tissue of male Sprague-Dawley rats.Cells were seeded on 6 well
plates at a density of 3 x 104 cells/cm2 in DME/HAM's medium supplementedwith
10% FCS for 24 h. Cells were extensively washed in DME/HAM's mediumwithout
FCS and subsequently maintained in DME/HAM's containing 10pg /mI transferrin,
20 pU/m1insulin,25 ng/mlhydrocortisoneand 1ng/mltriiodothyronine
supplemented with 2.5% control pig serum (Fed), 2.5% 3 d fasted pigserum (3d
F) or 2.5% 5 d fasted pig serum (5d F).DNA content in cultured cells was
determined on d 12. Values are means ± SE of four independentexperiments
performed on triplicate wells.Means with the same letter are not significantly
different at P< .05.1 .0
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FIGURE 4.5. Sn-glycerol-3-phosphate dehydrogenase activity in stromal-vascular
cells obtained from adipose tissue of newborn pigs. Cellswere inoculated on 6 well
plates at a density of 3 x 104 cells/cm2 in DME/HAM's medium supplementedwith
10% FCS for 24 h. Cells were extensively washed in DME/HAM's mediumwithout
FCS and subsequently maintained in DME/HAM containing 10pg /mI transferrin, 20
pU/m1 insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine supplemented
with 2.5% control pig serum (Fed), 2.5% 3 d fasted pigserum (3d F) or 2.5% 5 d
fasted pig serum (5d F). GPDH activity in cultured cellswas determined on d 12.
GPDH activity is expressed as percent of control (24.79 ± 4.51 nmoles/min/mg
protein). Values are means ± SE of four independent experiments performedon
triplicate wells. Means with the same letter are not significantly differentat P < .05.200
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FIGURE 4.6.Sn-glycerol-3-phospate dehydrogenase activity in stromal-vascular
cells obtained from inguinal adipose tissue of male Sprague-Dawley rats. Cellswere
inoculated on 6 well plates at a density of 3 x 104 cells/cm2 in DME/HAM's medium
supplemented with 10% FCS for 24 h.Cells were extensively washed in
DME/HAM's medium without FCS and subsequently maintained in DME/HAM
containing 10 pg/ml transferrin, 20 pU /mI insulin, 25 ng/ml hydrocortisone and 1
ng/ml triiodothyronine supplemented with 2.5% control pig serum (Fed), 2.5% 3 d
fasted pig serum (3d F) or 2.5% 5 d fasted pig serum (5d F). GPDH activity in
cultured cells was determined on d 12. GPDH activity is expressed as percent of
control (117.74 ± 28.97 nmoles/min/mg protein). Values are means ± SE of four
independent experiments performed on triplicate wells. Means with the same letter
are not significantly different at P < .05.300
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FIGURE 4.7. Photomicrographs of pig adipose stromal-vascular cells cultured in sera
from fed and fasted pigs.Cells were inoculated at a density of 3 x 104 cells/cm2
and grown in DME/HAM's medium containing 10% FCS for 24 h after which cells
were washed with DME/HAM's medium without FCS.Cells were subsequently
grown in either DME/HAM's medium containing 10 pg /mI transferrin, 20 pU /mI
insulin, 25 ng /mI hydrocortisone and 1 ng/ml triiodothyronine supplemented with
(a) 2.5% control pig serum (Fed) and (b) 2.5% 3 d fasted pig serum (3d F). On day
12 of culture, cells were washed with phosphate buffered saline, fixed in 10%
formalin, stained with oil red 0 and counterstained with hematoxylin. Cytoplasmic
lipid droplets were stained red with oil red 0 while nuclei were stained blue with
hematoxylin. Note the size of fat cell clusters formed in cultures grown in fasted
pig serum. Magnification = 100x. Bar = 200 p.C
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Chapter 5
EFFECT OF SERA FROM LEAN AND OBESE PIGS ON THE
DIFFERENTIATION OF PORCINE ADIPOSE STROMAL-VASCULAR
CELLS IN CULTURE129
ABSTRACT
Primary cultures of stromal-vascular (S-V) cells from adipose tissue of
newborn pigs were used to evaluate the characteristics of foursera obtained from
male and female genetically lean or obese pigs weighing 50-60 Kg. Lean pigsera
(LPS) stimulated greater levels of sn-glycerol-3-phosphate dehydrogenase(GPDH;
EC 1.1.1.8) activity in cultured cells than obese sera (OPS). Male LPS tendedto
promote higherGPDHspecific activity than female LPS or male and female OPS.
WhenGPDHwas expressed on perDNAbasis, male LPS significantly (P< .05)
increasedGPDHper unitDNAcompared to female LPS or male and female OPS.
Cellular protein content per well was not significantly influenced by differentsera.
DNAcontent per well in cultures grown in female LPS was greater than in male LPS
or female OPS.DNAper well in cultures grown in male OPS was higher than in
cultures grown in female OPS or male LPS. These results demonstrate that lean pig
serum differs from obese pig serum in its ability to promote differentiation of
cultured porcine adipose S-V cells and further that this differencemay be influenced
by sex.130
INTRODUCTION
Genetically lean and obese pigs provide a model to study porcine growth,
particularly deposition of carcass fat and accretion of muscle, and also provide a
model, other than rodent models to study the physiology of obesity.Lean and
obese strains of pigs were developed by Hetzer and Harvey (1967) by selecting for
thick or thin backfat depth for about eighteen generations. Obesity can be detected
in the pig model as early as 110 days of gestation (McNamara and Martin, 1982;
Stone et al., 1985). Fat cell numbers are not different in lean and obese strains of
pigs (Hausman et al., 1983). Morphologically, adipocytes from obese pigs are larger
than adipocytes from lean pigs (Steele et al., 1974; Scott et al., 1981; Mersmann,
1986).Larger cell size in obese pigs might contribute to their higher body lipid
deposition.
Blood metabolites in lean and obese pigs do not differ to a great extent.
Plasma glucose, triglyceride and cholesterol concentrations are similar in neonatal
and postnatal obese and lean pigs (Mersmann et al., 1982). Only slight difference
exist in endocrine status of these pig strains.Plasma concentrations of growth
hormone are lower, triiodothyronine are higher and cortisol is similar in late prenatal
obese pigs as compared to lean pigs (Stone et al., 1985). Because of their unique
endocrine and metabolite status the pig model of obesity is not compounded by
major defects in carbohydrate and/or lipid metabolism as are most rodent models
(Mersmann et al., 1982).
Sex of an animal affects adiposity through its endocrine profile (Seideman131
et al., 1982). In mammals, the intact male has less carcass fat and more muscle
than the intact female; the castrated male, on the other hand, has more fat and less
muscle than the intact male and in some species, the female. There was increased
lean tissue accretion when exogenous estrogenic compounds were administered to
castrated male cattle and sheep (Schanbacher, 1984; Roche and Quirke, 1986).
Serum source profoundly influences proliferation and differentiation of
adipose stromal-vascular cells in culture (Ramsay et al., 1987). 3T3-L1 cells have
been used to investigate the effect of serum from genetically obese rodents on
adipose conversion (Loffler et al., 1983).Similarly, rat adipose stromal-vascular
cells have been used to investigate the effect of sera from genetically lean and
obese pigs on rat preadipocyte differentiation in culture (Jewell and Hausman,
1988). It has been shown, however, that different growth responsesare obtained
when the test stromal-vascular cells and the test serum are from thesame species
than when they are obtained from different species (Jewell and Hausman, 1989).
There are variations in the capacity of serum obtained from different animal species
to support adipose conversion in culture (Kuri-Harcuch and Green, 1978) and there
are variations in the ability of serum obtained from animals of the same species
subjected to different treatments to promote differentiation of rat stromal-vascular
cell differentiation in culture (Jewell et al., 1988).There are no reports on the
effects of lean and obese pig sera on growth and development of porcine adipose
stromal-vascular cells in culture.It is therefore pertinent to evaluate the ability of
genetically lean and obese pig sera to promote the differentiation of stromal-
vascular cells obtained from adipose tissue of pigs.132
The objective of this study therefore, was to examine the effect ofsera
obtained from intact mate and female obese and lean pigson growth and
development of porcine adipose stromal-vascular cells in culture.
MATERIALS
Dulbecco's Modified Eagle's Medium (DME, D-5523), Nutrient mixture F-12
(HAM,N-6760,dihydroxyacetonephosphate(DHAP,D-7137),reduced
nicotinamide adenine dinucleotide (NADH, N-8219), gentamicin sulfate (G-1264),
hydrocortisone (H-0135), insulin(1-1882), triiodothyronine(T-5516), bovine
transferrin (T-8027), and hematoxylin (HHS-2-16), were purchased from Sigma
Chemical Co. (St Louis, MO).Bovine serum albumin (BSA, Bovuminar Reagent
CRG-7) was purchased from Armour Pharmaceutical Co. (Tarrytown,NY);
collagenase (type I) from Worthington Biochemical (Freehold, NJ); fetal calfserum
(FCS) from Intergen Co., (Purchase, NY); Fungizone from Gibco BRL (Gaithersburg,
MD); and Prepodyne from AMSCO, Medical Products Division (Erie, PA). Allother
reagents were of analytical grade.
METHODS
Animals
Newborn crossbred pigs obtained from a commercial producerwere killed by
CO2 asphyxiation. Pigs were scrubbed thoroughly with Prepodyne and rinsed with
70% ethanol. Disinfected pigs were placed on sterile surgicaltray in a laminar flow133
hood. Incision was made in pig's skin from about .5 cm posterior to the base of the
skull along the sagittal plane to the scapula and from the midline to about 3cm
laterally on both ends with a sterile scalpel. Adipose tissue sample in the exposed
area was carefully removed from the underlying tissue with sterile forceps and
scissors.
Stromal-Vascular Cell Isolation
Dissected adipose tissue samples were minced and incubated with digestion
buffer, pH 7.4 at 37°C for 1 h in a gyratory shaker. Digestion buffer contained 118
mM NaCI, 4.8 mM KCI, 1.3 mM CaCl2, 1.2 mM KH2PO4, 1.3 mM MgSO4, 10 mM
NaHCO3, 10 mM HEPES, 5 mM glucose, 40 mb/L gentamicin sulfate, 3% BSA, 2
mg/ml collagenase equilibrated with 95% 02: 5% CO2 and filter sterilized with 0.45
acrodisc filter (Gelman Sciences, Ann Arbor, MI). Ratio of tissue to bufferwas
1 g to 3 ml. Digested tissue was filtered through a sterile single layer polyester
chiffon and the infranatant was removed with a sterile syringe fitted witha long
needle into a sterile 50 ml polypropylene centrifuge tube and centrifuged at 800x
g for 10 min. Stromal-vascular cell pellets were washed three times in DME/HAM's
medium (1:1,v/v) containing 15 mM NaHCO3, 15 mM HEPES buffer (pH 7.4), 40
mg/L gentamicin sulfate and 2 mg/L fungizone supplemented with 10% FCS (Plating
medium).
Cell Culture
Aliquotsofthe stromal-vascularcellswere removed,stainedwith
Rappaport's stain and counted on a hemocytometer. Stromal-vascular cellswere134
seeded on Corning 6 well (35 mm) tissue culture plates in 3 ml of platingmedium
at a density of 3 x 104 cells/cm'. Cells were cultured at 37°C under a humidified
atmosphere of 95% air: 5% CO2; 24 hours later cells were washed extensively with
plating medium without FCS to remove erythrocytes, other unattachedcells and
tissue debris.Cells were subsequently maintained in test media.Test media
consisted of plating medium without FCS containing 20 NU/m1 insulin,1 ng/ml
triiodothyronine, 25 ng/ml hydrocortisone, 10 pg transferrin (ITTC) supplemented
with 2.5% treatment sera as indicated in figures and legends. Testmedia were
changed every 3 days.
Sera Collection
Blood was collected by aortic puncture at time of slaughter from intactmale
and female lean and obese pigs weighing 50-60 kg.Blood was allowed to clot
overnight at 4°C. After clotting, sera were separated by centrifugationand filter
sterilized with 0.45 pm sterile acrodisc filter (Gelman Sciences, Ann Arbor,MI).
Sera were pooled by genotype and sex before use in culture.
Enzyme Analysis
On day 12, activity of GDPH was measured in cell cultures by methods of
Kozak and Jensen (1974) as modified by Wise and Green (1979).
DNA and Protein Content
DNA was assayed as described by LaBarca and Paigen (1980) using salmon135
testes DNA as a standard. Protein content was determined by bicinchoninicacid
(BCA) method using BSA as a standard (Pierce Chemical Co., Rockford,IL).
Statistical Analysis
The experimental design was a factorial arrangement oftreatments in a
randomized complete block (Steel and Torrie, 1980).Data were subjected to
analysis of variance using the general linear models procedureand means
differences were separated using contrast (SAS, 1987).
RESULTS
The influence of serum on the protein content of cultured porcinestromal-
vascular cells is shown in Figure 5.1. There wasno influence of genotype, sex, and
no genotype x sex interaction on the ability of serum to affect protein levels in
cultured cells.
DNA contents of cultured porcine stromal-vascular cellsas influenced by sera
is shown in figure 5.2. DNA content of porcine stromal-vascularcells cultured in
serum from lean male pigs (LM) was lower (P < .05) than DNA content of cells
cultured in serum from lean female pigs (LF). The effect ofserum from obese male
(OM) and obese female pigs (OF) on cultured cell DNA levelswas opposite that of
their lean counterparts while there was no difference between DNAcontent in
cultures fed LM and OF and in cultures fed LF and OM (P> .05).
GPDH activity in cultured porcine adipose stromal-vascular cellsas influenced
by sera is shown in Figure 5.3. There was no difference (P> .05) inGPDH activity136
of cultures fed serum obtained from LM than in cultures fed serum obtained from
LF. There was no difference in GPDH activity of stromal-vascular cells fedserum
obtained from OM and OF.Serum obtained from LM stimulated higher GPDH
activity in cultured cells than serum obtained from OM while serum obtained from
LF stimulated higher GPDH activity than serum obtained from OF. Generally,serum
obtained from lean pigs stimulated higher GPDH activity in cultured porcine stromal-
vascular cells than serum obtained from obese pigs. When GPDH activitywas
expressed on per DNA basis, cells cultured in serum obtained from LM had higher
(P < .05) GPDH per DNA than cells cultured in serum obtained from LF. Therewas
no difference between GPDH activity per DNA basis in cells cultured in the different
obese sera (P> .05).
DISCUSSION
In vivo studies using radiolabelled thymidine incorporation into adipose tissue
have indicated that newly filled adipocytes are from a population of cells containing
newly synthesized nuclear DNA (Hollenberg and Vost, 1968; Greenwood and
Hirsch,1974;Gaben-CognevilleandSwierczewski,1979).Growth and
development of stromal-vascular cells in culture provides us with a tool to examine
the effects of growth factors, hormones or sera on differentiation and proliferation
of preadipocytes (Hauner and Loffler, 1987). In the present study primary culture
system was used to evaluate differences between sera obtained from different
strains and different sexes of pigs on the differentiation of stromal-vascular cells
obtained from pigs.137
Changes in serum borne components or factors control preadipocytegrowth
and development (Ramsay et al., 1987). Obese and lean pigs havesimilar levels of
plasma glucose, triglyceride and cholesterol at birth and throughoutthe postnatal
period. Thus, growing obese pigs are not hyperglycemic, hypertriglyceridemicor
hypercholesterolemic as are other animal obesity models (Mersmannet al., 1982).
This means that obese pigs are metabolically normal whencompared to their lean
counterparts with regards to lipid and/or carbohydrate metabolism. Serum from
genetically obese pigs stimulated higher differentiation activitiesthan serum from
lean pigs in primary culture of rat adipose stromal-vascularcells (Jewell and
Hausman, 1988).Similarly, serum from genetically obese rodents stimulated
greater adipocyte differentiation in 3T3-L1 cells (Loffler et al., 1983). The results
of the present study are in contrast with the reports of Jewell andHausman, (1988)
and Loffler et al. (1983). Jewell and Hausman (1988) utilizedstromal-vascular cells
obtained from rat adipose tissue while Loffler et al. (1983) usedadipocyte-like cell
line developed from Swiss mouse embryo.It has been shown that subsequent
growth responses of cultured cells was affected by species ofthe test stromal-
vascular cells as well as the serum (Jewell and Hausman, 1989).The discrepancies
in the results reported by Jewell and Hausman (1989) and Loffleret al. (1983) and
the present results might be due to differences in cells to whichtreatments were
applied. Since lipogenic substrates in the sera of lean and obesepigs are similar
(Mersmann et al., 1982), the increase in GPDH activity in culturestreated with
serum from lean pigs was not a result of changes in lipogenic substrates in the
medium.138
Divergence in body composition between lean and obese pigs can beseen
as early as 110 d of gestation; body fat content is slightly higher in obese than lean
pigs (Stone et al., 1985).Adipose tissue lipogenic rates are higher in growing
obese than lean pigs (Steele et al., 1974; Steele and Frobish, 1976; Scott et al.,
1981).Metabolic differences between lean and obese strains of pigs may be
reflected in plasma concentrations of hormones.
Plasma levels of growth hormone are lower, triiodothyronine are higher and
cortisol are the same in obese compared to lean pigs (Stone et al., 1985). This
endocrine profile in obese pigs would support adipogenesis, and the divergence in
body composition between lean and obese could reflect endocrine-genetic influence.
Strong adipogenic response of cultured stromal vascular cells used in this study
suggests that there may be an inherent defect in the adipocyte of obese pigs in vivo
since stromal-vascular cells used in this study were obtained from contemporary
pigs and the confounding effects of disease, changing hormonal levels, activity and
genotype in intact animals are mostly eliminated. Lean and obese pig sera produced
divergent responses in porcine adipose stromal-vascular cells in cultures. Specific
factors responsible for adipogenic activity in pig models of obesity have not been
identified. These results suggest that there are unknown adipogenic factor(s) in
sera of lean and obese pigs, the levels and/or activities of which might be higher in
lean than obese pig sera. The levels or activities of these factors in lean pigs might
be influenced by sex since there was tendency for LM to stimulate higher
differentiation activity in cultured cells than LF.Since lean pig sera stimulated
greater differentiation than their obese counterparts itis likely that increase in139
adipose tissue mass in obese pigs is due more to intrinsic thanto extrinsic
influences. Very few metabolic and hormonal differences existbetween genetically
obese and lean pigs (Mersmann et al., 1982; Stone et al; 1985),suggesting that
adipocytes in lean and obese pigs are different.This is supported by report of
Killefer and Hu (1990) who found an adipocyte specific plasmamembrane protein
to be present in genetically lean pig adipocytes and absent in geneticallyobese pigs.
Serum borne factors in lean and obese pigs do not differ in theirability to
support cellular growth since there was no difference in cellular proteinlevels in
cultured cells. However, the DNA data indicate that there mightbe variation in the
levels or activities of mitogenic components in lean andobese pig sera and the
levels or activities might be influenced bysex. Since the increase in DNA content
in cell cultures did not correspond to increase in differentiationactivity, expressed
as GPDH specific activity or as GPDH per unit DNA, the response of culturedcells
may reflect a greater number of differentiation activity per cellas opposed to a
greater number of responsive preadipocytes. At present itcan be concluded that
most of the increase in cell number or DNA content is attributableto replication of
other cell types rather than preadipocytes. More definitive studiesare needed to
identify adipogenic serum fractions and other yet unidentifiedgrowth factors in sera
of obese and lean pigs and to determine the possibleassociation of adipocyte-
specific proteins with obesity. These will delineate between intrinsicand extrinsic
influences on extremes in porcine growth, particularly regardinglipid deposition and
protein accretion in the body.140
FIGURE 5.1.Soluble protein content in porcine adipose stromal-vascular cells
cultured in lean or obese pig serum. Cells were seeded on 6 well platesat a density
of 3 x 104 cells/cm' in DME/HAM's medium supplemented with 10%FCS for 24
h in order to facilitate cell attachment to the wells.After 24 h cells were
extensively washed in DME/HAM's medium without FCS andsubsequently
maintained in DME/HAM's containing 10 pg /mI transferrin, 20 pU/m1insulin, 25
ng/ml hydrocortisone and 1 ng/ml triiodothyronine supplementedwith 2.5% of
serum obtained from lean male (LM), lean obese (L0), lean female (LF),or obese
female (OF) pigs.Protein content of cultured cells was determinedon day 12.
Values are means ± SE of five independent experiments performedon triplicate
wells. Means with the same letter are not significantly differentat P< .05.1500
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FIGURE 5.2. DNA content of porcine adipose stromal-vascular cells culturedin lean
or obese pig serum.Cells were seeded on 6 well plates ata density of 3 x 104
cells/cm2 in DME/HAM's medium supplemented with 10% FCSfor 24 h in order to
facilitate cell attachment to the wells. After 24 h cellswere extensively washed in
DME/HAM's medium without FCS and subsequently maintained inDME/HAM's
containing 10 pg /mI transferrin, 20 pU/m1 insulin, 25 ng/mlhydrocortisone and 1
ng/ml triiodothyronine supplemented with 2.5% ofserum obtained from lean male
(LM), lean obese (LO), lean female (LF), or obese female (OF) pigs.DNA content
of cultured cells was determined on day 12.Values are means ± SE of five
independent experiments performed on triplicate wells. Means withthe same letter
are not significantly different at P< .05.I
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FIGURE 5.3. Sn-glycerol-3-phosphate dehydrogenase activity instromal-vascular
cells cultured in lean or obese pig serum. Cellswere seeded on 6 well plates at a
density of 3 x 104 cells /cm2 in DME/HAM's medium supplementedwith 10% FCS
for 24 h in order to facilitate cell attachment to the wells.After 24 h cells were
extensively washed in DME/HAM's medium without FCS andsubsequently
maintained in DME/HAM's containing 10 pg /mI transferrin, 20pU/m1 insulin, 25
ng/m1 hydrocortisone and 1ng/ml triiodothyronine supplemented with 2.5% of
serum obtained from lean male (LM), lean obese (LO), lean female (LF),or obese
female (OF) pigs. GPDH activity in cultured cellswas determined on day 12 and
expressed as (A) specific activity and (B) activity per unit DNA. Valuesare means
± SE of five independent experiments performed on triplicate wells. Means with
the same letter are not significantly different at P< .05.250
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Chapter 6
EFFECT OF SERUM SOURCE ON DIFFERENTIATION OF
CULTURED ADIPOSE STROMAL-VASCULAR CELLS149
ABSTRACT
Primary cultures of stromal-vascular (S-V) cells from adipose tissue of rats
and pigs were used to investigate the differences in preadipocyte development in
response to sera from different pigs and rats.Cells were seeded at 3 x 104
cells/cm' and cultured for 12 days in medium supplemented with 2.5%serum from
different strains of rats or serum from pigs of differing ages. Differentiated pig S-V
cells developed as individual cells when cultured in serum free medium and
developed as a discrete cluster of cells when cultured in serum supplemented
medium. Differentiated rat S-V cells developed as individual cells in eitherserum
free or serum containing medium. Rat cells cultured in Sprague-Dawleyor Fischer
rat serum had greater GPDH per unit DNA than pig cells cultured in the same
medium. There was no difference in GPDH activity in pig cells cultured inserum
from pigs of differing ages, but serum from 3 month old pig stimulated higher GPDH
activity in rat S-V cells than serum from newborn or 6 month old pig.Cell
replication was greater in cultures of pig cells grown in pig or ratserum than rat
cells grown in the same medium as indicated by DNA numbers. GPDH activitywas
higher in rat epididymal compared rat inguinal derived S-V cells.These results
suggest that pig and rat S-V cells are morphologically different and they respond
differently to the same stimuli. Anatomic site influences the differentiation ofrat
S-V cells in culture.150
INTRODUCTION
The primary cultures of stromal-vascular (S-V) cells isolated from adipose
tissue of various species including man have shown the existence of cells capable
of proliferating and acquiring adipocyte phenotype and biochemical characteristics
(Bjorntorp et al., 1978; Hauner et al., 1989; Ramsay et al., 1989).Similarly,
established adipocyte-like cell lines are able to undergo differentiation in culture into
mature adipocytes (Ailhaud, 1982; Spiegelman et al., 1988). Using cell culture
systems, the ability of several sera to influence adipocyte development has been
investigated. Kuri-Harcuch and Green (1978) found that there are variations in the
ability of sera from different species to promote differentiation ofmouse clonal cell
line, 3T3-F442A cells. Fetal bovine serum stimulated more adipose conversion than
postnatal bovine serum and other sera tested due to the presence ofmore
adipogenic factor in fetal bovine serum (Kuri-Harcuch and Green, 1978). Primary
cultures of S-V cells have been used to evaluate the in vitro effect ofsera and
plasma of different species on differentiation and adipose conversion of rat
preadipocytes (Bjorntorp et al., 1985).Evaluation of most sera for adipogenic
activity has been carried out using rat S-V cells. Jewell and Hausman (1988) found
that both rat and pig S-V cells responded to growth and differentiation factors in rat
and pig serum but the levels of response were different. Rat S-V cell cultures had
higher glycerol-3-phosphate dehydrogenase activity, an adipocyte differentiation
marker, than pig cells cultured in the same medium. There are also morphological
differences between rat and pig S-V cells in culture (Jewell and Hausman, 1989).151
Tume et al. (1985) found species specific differences in polypeptidecomposition of
adipocyte plasma membranes.Differences in membrane proteins maycause
differences in growth and function of cells. The relevance of usingcells obtained
from one species to evaluate adipogenic activity ofserum from another species may
be questionable.
The carcass of newborn piglets contains about 2% fat (Seerley et al., 1974,
1978) and much of the fat content of newborn piglets isstructural and is not
available as energy (Mersmann, 1974). Robison (1976) studiedgrowth patterns in
swine and found that fat deposition incarcass is almost linearly associated with
age. Younger pigs (about 25 Kg) are accreting mostly musclemass while older pigs
(about 50 Kg) are at stage of growth when there is concomitant increasein carcass
muscle and adipose deposition but with acceleratingrate of adipose accretion. Cell
environment can influence cell growth, it is not known whetherthe differences in
adipose cellularity in neonatal and growing pigsare influenced by serum borne
factors. Since there are differences in the ability ofsera from different species to
influence development of adipocyte in culture and thereare differences in the
morphological development of rat and pig S-V cells in culture,the objectives of this
study were to investigate the growthresponse of rat and pig S-V cells cultured in
serum from either rat or pig and to examine whether the divergence inadipose
cellularity in pig at different stages of growth is influencedby serum factors.152
MATERIALS
Dulbecco's Modified Eagle's Medium (DME, D-5523), nutrient mixture F-12
(HAM, N-6760),dihydroxy acetonephosphate(DHAP, D-7137),reduced
nicotinamide adenine dinucleotide (NADH, N-8219), gentamicin sulfate (G-1264),
hydrocortisone (H-0135), insulin(1-1882), triiodothyronine(T-5516), bovine
transferrin(T-8027), hematoxylin (HHS-2-16), were purchased from Sigma
Chemical Co.(St. Louis, MO). Bovine serum albumin (BSA, Bovuminar Reagent CRG-
7) was purchased from Armour Pharmaceutical Co. (Tarrytown,NY); collagenase,
(type I) from Worthington Biochemical (Freehold, N.J.); fetal calf serum (FCS) from
Intergen Co., (Purchase, N Y); Prepodyne from AMSCO, Medical Products Division
(Erie, PA) and Fungizone from Gibco BRL (Gaithersburg, MD).All other reagents
were of analytical grade.
METHODS
Animals
Crossbred pigs less than one day old were obtained from a commercial
producer and male Sprague-Dawley rats weighing 160-180 g were purchased from
Simonsen Laboratories, Inc. (Gilroy, CA). Both newborn pigs and Sprague-Dawley
rats served as cell donors.153
Sera Collection
Blood was collected from 6 newborn, 8 three month (50 Kg) and 8six
month (100 Kg) old pigs by venipuncture of the anteriorvena cava. Blood was
collected from Sprague-Dawley rat by heart puncture. Bloodwas allowed to clot
overnight at 4 °C.After clotting, the sera were separated by centrifugation and
filter sterilized using 0.45 pm sterile Acrodisc, low protein binding filter(Gelman
Sciences, Ann Arbor, MI). Sera were pooled by species andage for use in culture.
Three month old male Fischer 344 rat serumwas obtained from Hilltop Lab Animals,
Inc. (Scottdale, PA).
Stromal-vascular cell Isolation
Animals were killed by CO2 asphyxiation, scrubbed with Prepodyneand
rinsed with 70% ethanol solution.Disinfected pig or rat was placed on sterile
surgical tray in a laminar flow hood. Incisionwas made in pig's skin from about .5
cm posterior to the base of the skull along the sagittal plane to the scapula and from
the midline to about 3 cm laterally on both ends witha sterile scalpel. Adipose
tissue sample in the exposed area was carefully removed from the underlyingtissue
with sterile forceps and scissors.For rats, incision was made at the ventral skin
transversely at the median line just over the diaphragm with sterile scissors.The
skin was cut longitudinally, grasping the skinon both sides of the cut with two
pairs of sterile forceps the skin was pulled in the opposite directionsto expose the
ventral surface of the body. Inguinal fat padson both thighs were removed from154
the underlying tissue, and the epididymal fat was dissected out with sterile forceps
and scissors. Dissected tissue samples were put in separate petri dishes containing
118 mM NaCI, 4.8 mM KCI, 1.3 mM CaCl2, 1.2 mM KH2PO4, 1.3 mM MgSO4, 10
mM HEPES, 5 mM glucose and 40 mg/L gentamicin sulfate, equilibrated with 95%
02:5% CO2 and sterilized by filtering through 0.45 pm Nalgene disposable syringe
filter (Nalge Co., Rochester, NY). Adipose tissue samples (1 g)were minced with
a pair of sterile scissors and digested for 1 h at 37 °C in a gyratory water bath in
a 25 ml polypropylene flask containing 3 ml KRB buffer with 3% BSA and 2 mg/ml
collagenase that has been filter sterilized.Digested tissue was filtered through a
sterile single layer polyester chiffon and cell suspension was centrifugedat 800 x
g for 10 min.Stromal-vascular (S-V) pellets were washed three times in
DME/HAM's medium (1:1, v/v) containing 15 mM NaHCO3, 15 mM HEPES buffer
(pH 7.4), 40 mg/L gentamicin sulfate and 2 mg/I Fungizone supplemented with 10%
FCS (Plating medium)
Cell Culture
Aliquots of the S-V cells were removed, stained with Rappaport's stain and
counted on a hemocytometer. S-V cells were seeded in plating mediumon Corning
6 well (35 mm) tissue culture plates at a density of 3 X 104 cells/cm'. Cellswere
cultured at 37 °C under a humidified atmosphere of 95% air:5% CO2; 24 hours later
cells were washed 2 x 5 min and 1 x 1h with plating medium without FCS to
remove unattached materials, mainly erythrocytes and tissue debris.Cells were
subsequently maintained in test media. Test media consisted of plating medium155
without FCS, plus 20 NU/m1 insulin, 1 ng/ml triiodothyronine, 10 Ng /ml transferrin
and 25 ng /mI hydrocortisone (ITTC) supplemented with 2.5% Sprague-Dawley or
Fischer rat serum or serum from pigs of differing ages. Test media were changed
every 3 days until day 12 when cultures were terminated and protein, DNA and Sn-
glycerol-3-phosphate dehydrogenase were determined.
Enzyme Analysis
Sn-glycerol-3-phosphate dehydrogenase (GPDH; EC 1.1.1.8 was measured
by spectrophotometric methods of (Kozak and Jensen, 1974) as modified by Wise
and Green (1979).
DNA and Protein Content
DNA was assayed as described by LaBarca and Paigen (1980) using salmon
testes DNA as a standard. Protein content was determined by bicinchoninic acid
(BCA) method using bovine serum albumin (BSA) as a standard (Pierce Chemical
Co., Rockford, IL).
Histochemistry
Representative wells from each treatment were fixed in 10% formalin,
stained with oil red 0 for lipid and counterstained with Harris hematoxylin (Boon and
Drijver, 1986) after 12 d of exposure to test media.156
Statistical Analysis
This experiment used factorial arrangement of treatments ina complete
randomized design (Steel and Torrie, 1980). Datawere subjected to analysis of
variance according to General Linear Models Procedure andcontrast between means
were determined (SAS, 1987).
RESULTS
Porcine S-V cells grown in DME/HAM's medium supplemented with2.5 or
10% rat or pig serum did not maintaina smooth monolayer. On day three in culture
cells became retractile and created several blankspots on culture plate (Fig. 6.1).
After a day or two, cells eventually clumped together and lifted offthe culture plate
surface. In contrast cells maintained in DME/HAM's medium plus10 pU/m1 insulin,
1 ng/ml triiodothyronine, 10 pg/ml transferrin and 25 ng/mlhydrocortisone (SF) did
not exhibit the characteristic described for cell cultured in DME/HAM's mediumwith
serum. Cells in SF remained attached to culture support throughout the length of
the culture period (Fig. 6.1) as did cells cultured in SF supplementedwith 2.5 or 10
rat or pig serum. Cell were well attached and maintained a smooth monolayer;
as a result subsequent cultures were performed in SF supplemented with testsera.
When porcine S-V cells were grown in SF alone differentiated cellsdeveloped
as individual cells, while they developed as discrete cluster in serum supplemented
medium (Fig. 6.1). Small lipid dropletscan be seen in differentiated porcine S-V
cells on day 3 in culture medium. As differentiated cells becamebigger, lipid
droplets in individual cell's cytoplasm increased and became larger by day12. Rat157
S-V cells on the other hand developed as individual adipocyteswhen they
differentiated in SF medium or SF supplemented withserum.Like porcine S-V
cells small lipid droplets can be seen in the cytoplasm of differentiatedcells on day
3 in culture. By day 12 differentiated rat S-V cell cytoplasm, unlikethe porcine cell,
was filled with a single fat globule instead of numerous lipid droplets (Fig. 6.2).
The effect of Sprague-Dawley (SR) or Fischer (FR)rat serum on cellular
protein content in pig or rat S-V cells is shown in Figure 6.3. Serumfrom either SR
or FR rat did not alter cellular protein content of cultured rator pig cells.Pig cells
cultured in SF medium supplemented with either SRor FR rat serum had higher
(P< .05) DNA content than rat cells cultured in thesame medium (Fig. 6.3).
The influence of serum from pigs of differingages on protein levels in S-V
cells from rat or pig is shown in Figure 6.4. Pig cells cultured innewborn pig (NB)
or 3 month old pig (MS) serum had greater (P < .05) levels of cellular proteinthan
rat cells cultured in the same medium. There was no difference inprotein content
of rat and pigs cells cultured in 6 month old pig (PS).DNA content of cultured cells
in serum from pigs of differing ages is shown in Figure 6.4.Pig cells had higher
(P < .05) DNA contents than rat cells.
Cellular protein was independent of serumsource but was higher (P< .05)
in S-V cells from inguinal adipose tissue cultured in SRserum than S-V cells from
epididymal adipose tissue cultured in thesame medium. DNA levels in inguinal and
epididymal derived S-V cells cultured in thesame medium did not differ, but either
SR or FR serum promoted greater (P< .05) DNA synthesis incultured cells than PS
(Fig. 6.5).158
Figure 6.6 shows the GPDH activity in rat or pig S-V cells cultured in SF
supplemented with 2.5% SR or FR. GPDH specific activity in rator pig S-V cells
cultured in SR or FR rat serum was not different (P< .05). When GPDH activitywas
expressed on per unit DNA, pig cells cultured in either SR or FR ratserum had
higher (P< .05) GPDH per unit DNA than rat cells cultured in thesame medium.
When rat or pig cells were cultured in serum from pigs of differingages,
GPDH specific activity was higher (P< .05) in rat S-V cells cultured in NBor MS
serum than pig S-V cells cultured in the same medium, but pig cells cultured in 6
PS had higher (P < .05) GPDH specific activity than rat cells cultured inthe same
medium (Fig. 6.7). When GPDH activity was expressedon per unit DNA basis, rat
cells had higher (P< .05) GPDH per unit DNA than pig cells cultured in thesame
medium (Fig. 6.7).
GPDH specific activity in rat S-V cells was affected by adiposetissue
anatomic site. S-V cells from epididymal adipose tissue of rat had higher(P< .05)
GPDH activity than S-V cells from inguinal adipose tissue cultured inthe same
medium (Fig. 6.8).
DISCUSSION
This study used S-V cells from pig and rat adipose tissueto evaluate
differences in growth response to sera from their own speciesor to sera from other
species. Newborn pig S-V cells cultured in 10% fetal pigserum did not maintain
monolayer (Hentges and Hausman, 1989). In the present study newborn pigS-V159
cells cultured in 2.5% of newborn pigor Sprague-Dawley rat serum produced effect
similar to what was reported by Hentges and Hausman(1989). In addition, pig S-V
cells in the present study failed to adhereto culture support after changing the
medium from DME/HAM's medium supplemented with10% FCS to DME/HAM's
medium supplemented with testsera. This phenomenon did not allow the culture
period to last for more than 3 or 4 days. Threeor 4 days of culture would not
permit the expression of GPDH enzyme marker foradipocyte differentiation (Pairault
and Green, 1979) and its measurement in culturedcells. GPDH activity rises after
lag phase and maximum activity is reachedabout 20 days (Schmidt et al., 1990).
Since pig S-V cells cultured in serum free hormonesupplemented (SF) medium did
not exhibit this characteristic (retraction),serum free medium was used as basal
medium to evaluate the characteristics of thetest sera.It is not known whether
this growth pattern is a characteristic of pig S-Vcells or whether there is aserum
factor causing this event. The present observationshowever eliminate intrinsic cell
factor from consideration since pig cells didnot exhibit this characteristic when
cultured in SF alone or SF supplemented withsera.
Pig and rat S-V cells in cultureare morphologically different. The present
observations are in agreement with the reports of Jewelland Hausman (1989).
Throughout the culture period differentiated pigS-V cells remained multilocular
whereas differentiated rat S-V cells changedfrom multilocular to unilocular.
Differentiated rat S-V cells containnumerous small lipid droplets in the first stage
of adipose conversion and proceed to becomecells with one, two, or three
prominent fat globules in the terminal stage of maturation(Gregoire et al., 1990).160
The present results on the morphology ofadipose conversion in rat S-V cells is
similar to what was described by Gregoireet al. (1990). These results suggest that
there are morphological differences betweendifferentiated rat and pig S-V cells
under the present culture conditions.May be the nutrient requirementsare
different; the culture condition is optimal forrat cells but not pig cells.
Kuri-Harcuch and Green (1978) reported thatthere are variations in the
ability of sera from different speciesto stimulate differentiation and adipose
conversion of 3T3-F442A. Fetal bovineserum stimulated greater differentiation and
adipose conversion than othersera tested.Rat serum stimulated higher
differentiation in primary culture of rat adipose S-Vcells than other sera tested, and
the ability of rat serum to promotegreater adipose conversion was attributedto a
protein factor in rat serum (Li et al., 1989). Thisrat serum growth factor may be
species specific.Adipogenic factors influencing differentiationand adipose
conversion of cell lines and primary cultures ofS-V cells are different (Li et al.,
1989). Therefore, when studying the regulationof preadipocyte differentiation,
caution should be taken when extrapolatingfrom cell line data, as various factors
acting as adipogenic factors in cell linesmay be different in primary cultures. Since
adipogenic factors in rat serum may be speciesspecific (Li et al., 1989) and since
rat and pig S-V cells in culture are morphologicallydifferent, the present study used
both rat and pig S-V cells to evaluateserum from different rats and pigs.Pig and
rat cells have similar GPDH specific activity butrat cells have greater GPDH per unit
DNA than pig cells, indicating that rat cells havemore clones that can differentiate
in culture than pig cells.Pig cells replicated faster than rat cells whencultured in161
sera from either Fischer or Sprague-Dawley strains of rats. Sincethe increase in
cell number in cultured pig cellsas indicated by DNA content per dish did not
significantly contribute to number of differentiated cells,this suggests that the
proliferated cells in pig S-V cellswere non-preadipocytes.
Rat and pig S-V cells responded differently to growth stimuliin sera from
pigs of differing ages. Serum obtained from 3month old pigs showed highest
differentiation activity in rat cells. Pig cells respondedsimilarly to the sera from all
three pig ages. This indicates that growthresponse of cells may be different if
grown in serum from the same species than it would be inserum from different
species. DNA content in pig cells cultured insera from all three pig ages are higher
that rat cells cultured in the same medium. Sincerat cells had higher differentiation
activity than pig cells, the increase in cell number in pigcell cultures as indicated
by DNA content is attributable to multiplication ofother cell types rather than
preadipocytes. At present it can be concluded that cellintrinsic activity rather than
serum factors may be responsible for divergence in cellularity ofneonatal and
mature pig adipose tissue as determined by differentiation of pigS-V cells in culture.
The results of the present studyare in agreement with the report of Ramsay
et al. (1987) who found that postnatal pigserum stimulated higher differentiation
and lipid filling in cultures of rat S-V cells than fetal pigserum. However, since
cultures of pig S-V cells did not produce thesame effect as rat S-V cells cultured
in similar medium, caution should be taken whenextrapolating from in vitro data
from rat to in vivo situations in pigs.
Several laboratories have demonstrated the influenceof anatomic site of162
differentiation and replication of rat S-V cellsin culture. Perirenal derived S-Vcells
replicated and differentiated more extensivelythan epididymal cells under similar
culture conditions (Djian et al., 1983; Kirklandet al., 1990). Gregoire et al. (1990)
found that S-V cells from inguinal adiposetissue contained higher GPDH activity
than S-V cells from epididymal adipose tissue.The present results also indicate that
anatomic site influences replication anddifferentiation of rat S-V cells inculture.
However, the results are in contrast withreport of Gregoire et al. (1990) who found
that GPDH activity in cultured S-V cellsfrom inguinal adipose tissuewas higher
than GPDH activity in S-V cells fromepididymal. The discrepancy betweenthe
present results and those of Gregoireet al. (1990) might be due to culture
conditions employed. The present studycultured 3 X 104 cells/cm' in DME/HAM's
medium containing insulin, triiodothyronine,and hydrocortisone supplementedwith
2.5% Sprague-Dawley or Fischerrat or pig serum as comparedto 0.5 X 104
cells/cm2 in DME containing insulinand 10% fetal bovineserum used by Gregoire
et al. (1990). Variations in ability of differentsera and variations in the response
of different cells to stimuli inserum may be responsible for the differencesin
results. The results of the present studysuggest that S-V cells from different
species interact differently and producedifferent effect with serum from theirown
species than with serum from other species.Further studies are required to identify
the factors causing difference inresponse cell from one species to growth factors
in serum of other species.163
FIGURE 6.1. Photomicrographs of pig adipose stromal-vascular cellscultured in
serum free or serum containing medium. Cells were inoculated at a density of 3x
104 cells/cm2 and grown in DME/HAM's medium containing10% FCS for 24 h.
after which cells were washed with DME/HAM's medium without FCS.Cells were
subsequently grown in DME/HAM's medium supplemented with 2.5% pigserum (a),
2.5% Sprague-Dawley rat serum (b), 10 pg/ml transferrin, 20 pU/mlinsulin, 25
ng/ml hydrocortisone and 1 ng/ml triiodothyronine (SF, c) and SFsupplemented with
2.5% pig serum (d).On day 12 of culture, cells were washed with phosphate
buffered saline, fixed in 10% formalin, stained with oil red 0 andcounterstained
with hematoxylin. Cytoplasmic lipid droplets were stained red with oilred 0 while
nuclei were stained blue with hematoxylin. Note the cell retractionin culture grown
in either 2.5% pig or rat serum. Magnification= 100x. Bar = 200 p.165
FIGURE 6.2. Photomicrographs showing morphology of pig or rat adipose stromal-
vascular cells cultured in serum free or serum containing medium.Cells were
inoculated at a density of 3 x 104 cells/cm2 and grown in DME/HAM's medium
containing 10% FCS for 24 h after which cells were washed with DME/HAM's
medium without FCS.Cells were subsequently grown in DME/HAM's medium
supplemented with 2.5% pig or Sprague-Dawley rat serum or 10 Ng /ml transferrin,
20 pU/m1 insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine (SF).Pig
cells grown in SF for 12 days (a), pig cells grown in SF supplemented with 2.5%
pig serum for 12 days (b), rat cells grown in SF for 3 days (c), rat cells grown in SF
for 12 days (d), rat cells grown in SF supplemented with 2.5% Sprague-Dawley rat
serum for 3 days 3 (e) and rat cells grown in SF supplemented with 2.5% Sprague-
Dawley rat serum for 12 days (f).On day 3 or 12 of culture, cells were washed
with phosphate buffered saline, fixed in 10% formalin, stained with oil red 0 and
counterstained with hematoxylin. Cytoplasmic lipid droplets were stained red with
oil red 0 while nuclei were stained blue with hematoxylin. Differentiated pig cells
appeared as individual cells in SF and as a cluster of cells in SF plus pig serum on
day 12. Note that differentiated rat cells appeared as individual cells on day 3 or
12 in SF or SF supplemented with serum. Magnification = 100x. Bar = 200 p.C
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Figure 6.2 Continued.168
FIGURE 6.3.Cellular protein and DNA contents of cultured stromal-vascular cells
obtained from rat or pig adipose tissue.Cells were seeded on 6 well plates at a
density of 3 x 104 cells/cm' in DME/HAM's medium supplemented with 10% FCS
for 24 h. Cells were extensively washed in DME/HAM's medium without FCS and
subsequently maintained in DME/HAM's containing 10 pg /mI transferrin, 20 pU/m1
insulin, 25 ng /mI hydrocortisone and 1 ng/ml triiodothyronine supplemented with
2.5% Sprague-Dawley rat (SR) or Fischer rat (FR) serum. Cellular protein and DNA
contents in cultured cells were determined on d 12.Values are means of four
independent experiments performed on triplicate wells.Bar represents pooled
standard error. Means with the same letter are not significantly different at P < .05.1000
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FIGURE 6.4.Cellular protein and DNA contents of rat or pig adipose stromal-
vascular cells cultured in serum from pigs of differing ages. Cellswere seeded on
6 well plates at a density of 3 x 104 cells/cm2 in DME/HAM's medium supplemented
with 10% FCS for 24 h.Cells were extensively washed in DME/HAM's medium
without FCS and subsequently maintained in DME/HAM's containing 10pg /mI
transferrin, 20 pU /mI insulin, 25 ng /mI hydrocortisone and 1 ng/ml triiodothyronine
supplemented with 2.5% Sprague-Dawley rat (SR) or Fischer rat (FR)serum.
Cellular protein and DNA contents in cultured cells were determinedon d 12.
Values are means of four independent experiments performedon triplicate wells.
Bar represents pooled standard error.Means with the same letter are not
significantly different at P< .05.1000
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FIGURE 6.5.Cellular protein and DNA contents of cultured stromal-vascular cells
obtained from inguinal or epididymal adipose tissue of male Sprague-Dawley rats.
Cells were seeded on 6 well plates at a density of 3 x 104 cells/cm2 in DME/HAM's
medium supplemented with 10% FCS for 24 h. Cells were extensively washed in
DME/HAM's medium without FCS and subsequently maintained in DME/HAM's
containing 10 Ng /ml transferrin, 20 pU/m1 insulin, 25 ng /mi hydrocortisone and 1
ng/ml triiodothyronine supplemented with 2.5% Sprague-Dawley rat (SR)or Fischer
rat (FR) serum or pig serum (PS).Cellular protein and DNA contents in cultured
cells were determined on d 12. Values are means of two independent experiments
performed on triplicate wells. Bar represents pooled standard error. Means with the
same letter are not significantly different at P < .05.1000
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FIGURE 6.6. Sn-glycerol-3-phosphate dehydrogenase activity in stromal-vascular
cells obtained from rat or pig adipose tissue.Cells were inoculated on 6 well plates
at a density of 3 x 104 cells/cm' in DME/HAM's medium supplemented with 10%
FCS for 24 h. Cells were extensively washed in DME/HAM's medium without FCS
and subsequently maintained in DME/HAM's containing 10 pg /mI transferrin, 20
pU/m1 insulin, 25 ng/ml hydrocortisone and 1 ng/ml triiodothyronine supplemented
with 2.5% Sprague-Dawley rat (SR) or Fischer rat (FR) serum.GPDH activity in
cultured cells was determined on d 12. GPDH activity is expressed as specific
activity (nmoles/min/mg protein; A) or GPDH per cell (nmoles/min /pg DNA; B).
Values are means of four independent experiments performed on triplicate wells.
Bar represents pooled standard error.Means with the same letter are not
significantly different at P< .05.GPDH GPDH
(nmoles/min/pg DNA) (nmoles/min/mg protein)
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FIGURE 6.7. Sn-glycerol-3-phosphate dehydrogenase activity in rat or pig adipose
stroma /- vascular cells cultured in serum from pig of differing ages.Cells were
inoculated on 6 well plates at a density of 3 x 104 cells/cm' in DME/HAM's medium
supplemented with 10% FCS for 24 h.Cells were extensively washed in
DME/HAM's medium without FCS and subsequently maintained in DME/HAM's
containing 10 pg /mI transferrin, 20 pU/m1 insulin, 25 ng/ml hydrocortisone and 1
ng/ml triiodothyronine supplemented with 2.5% newborn (NB), 3 month old (MS)
or 6 month old (PS) pig serum . GPDH activity in cultured cells was determined on
d 12. GPDH activity is expressed as specific activity (nmoles/min/mg protein; A)
or GPDH per cell (nmoles/min 1pg DNA; B). Values are means of four independent
experiments performed on triplicate wells.Bar represents pooled standard error.
Means with the same letter are not significantly different at P < .05.=
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FIGURE 6.8. Sn-glycerol-3-phosphate dehydrogenase activity in cultured stromal-
vascular cells obtained from inguinal or epididymal adipose tissue of male Sprague-
Dawley rats. Cells were inoculated on 6 well plate at a density of 3 x 104 cells/cm2
in DME/HAM's medium supplemented with 10% FCS for 24 h.Cells were
extensively washed in DME/HAM's medium without FCS and subsequently
maintained in DME/HAM's containing 10 pg/ml transferrin, 20 //U /m! insulin, 25
ng/ml hydrocortisone and1ng/ml triiodothyronine supplemented with 2.5%
Sprague-Dawley rat (SR) or Fischerrat (FR) serum or pig serum (PS).GPDH
activity in cultured cells was determined on d 12. GPDH activity is expressed as
specific activity (nmoles/min/mg protein). Values are means of two independent
experiments performed on triplicate wells. Bar represents pooled standard error.
Means with the same letter are not significantly different at P< .05.100
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Chapter 7
EFFECTS OF SERUM FRACTIONS ON THE DIFFERENTIATION OF
CULTURED PORCINE ADIPOSE STROMAL-VASCULAR CELLS184
ABSTRACT
Fischer 344 rat and mature pig serum Sephacryl S-200 fractions were tested
fortheirabilitytopromoteporcineadiposestromal-vascular(S-V)cell
differentiation. The elution profiles of the sera were similar. Rat serum contained
an additional six protein peaks not present in pig serum based on absorbance at 280
nm, corresponding to molecular weight _. 2 kD based on elution pattern of standard
proteins.Rat serum fraction two (mol. wt. range 67-150 kD) stimulated GPDH
specific activity and total GPDH in cultures of porcine adipose S-V cells as
compared to cultures grown with whole rat serum and the corresponding pig
fraction did not produce similar effect.Fraction three (mol. wt. range 17.8-42.7
kD) of both sera inhibited GPDH specific activity, total GPDH and lipid filling, in
cultures of S-V cells but only rat fraction three promoted cell proliferation as
compared to cultures grown in serum free medium.Other fractions showed
variation in their ability to support or inhibit S-V cell differentiation.This study
suggests that either concentration or compositional variations exist between pig and
rat sera since fractions of each containing molecules with apparently similar sizes
have different effects on the development of porcine preadipocytes.Further
purification of each fraction of pig and rat serum will be required to determine
composition and function in adipocyte development.185
INTRODUCTION
Blood is the medium through which circulating metabolites,hormones and
growth factors are transported to individual cells. Growth anddevelopment of cells
are influenced by extracellular environment.Sera from different speciesvary in
their ability to promote differentiation and adipose conversionof both an adipocyte-
like cell line (Kuri-Harcuch and Green, 1978) andrat preadipocyte primary cultures
(Jewell and Hausman, 1989).Changes in serum borne componentsor factors
significantly influence the ability of sera to regulate preadipocytedevelopment
(Ramsay et al., 1987).
Serum contains adipogenic factorsnecessary for adipose conversion and
"anti-adipogenic" factors which are yet poorly definedor characterized (Loffler and
Hauner, 1987). Some putative factors in bovineserum that inhibit the expression
of adipocyte differentiation enzyme marker in Ob1771cells have been identified
(Pradines-Figueres et al.,1990).They are: low molecular weight lipophilic
components (a serum lipidextract) and high molecular weight hydrophilic
components (delipidated serum extract).Adipose conversion of 3T3 cellswas
influenced by an adipogenic factor inserum (Kuri-Harcuch and Green, 1978).
Adipogenic factor in two species of genetically obese rodents(db/db mice and fa/fa
Zucker rats) has been shown to be similar to that found in fetalcalf serum (Loffler
et al., 1983).A 63 kDa protein (Preadipocyte stimulating factor, PSF)was
identified in rat serum; this protein may be highly speciesspecific and may be186
responsible for the promotion of greater adipose conversion and differentiation of
adipocyte precursor cells by rat serum than any other sera (Li et al., 1989). There
have been no reports on adipogenic or "anti-adipogenic" factors in pig serum.
The objective of this study was to evaluate the activities of the different rat
and pig serum gel exclusion fractions on growth and development of porcine
adipose stromal-vascular cells.
MATERIALS
Dulbecco's Modified Eagle's Medium (DME, D-5523), Nutrient mixture F-12
(HAM, N-6760),dihydroxyacetone phosphate (DHAP,D-7137),reduced
nicotinamide adenine dinucleotide (NADH, N-8219), gentamicin sulfate (G-1264),
hydrocortisone (H-0135), insulin(1-1882), triiodothyronine(T-5516), bovine
transferrin (T-8027), hematoxylin (HHS-2-16) were purchased from Sigma Chemical
Co.(St. Louis, MO). Bovine serum albumin (BSA, Bovuminar Reagent CRG-7) was
purchased from Armour Pharmaceutical Co. (Tarrytown,NY); collagenase (type I)
from Worthington Biochemical (Freehold, NJ); fetal calf serum (FCS) from Intergen
Co., (Purchase, N Y); Fungizone from Gibco BRL (Gaithersburg, MD); and Prepodyne
from AMSCO, Medical Products Division (Erie, PA).Chromatography reagents,
Sephacryl S-200 and molecular weight standards were purchased from Pharmacia
LKB Biotech (Piscataway, NJ).All other reagents were of analytical grade.187
METHODS
Animals and biopsy procedure
Crossbred pigs less than one day old from a commercial producer were killed
by CO2 asphyxiation.Pigs were scrubbed with Prepodyne and rinsed thoroughly
with 70% ethanol solution, and placed on a sterile surgical tray ina laminar flow
hood. An incision was made with a sterile scalpel through the skin from about .5
cm posterior to the base of the skull along the sagittal plane to the scapula and from
the midline about 3 cm laterally on both ends. Adipose tissue in the exposedarea
was carefully removed from the underlying tissue with sterile forceps and scissors.
Serum Sources
Serum from three month old male Fischer 344 rats was obtained from Hilltop
Lab Animals, Inc. (Scottdale, PA). Blood was collected by aortic puncture at time
of slaughter from crossbred barrows weighing 110-120 kg that have been
maintained on ad libitum on corn soybean meal based diet.Blood samples were
allowed to clot overnight at 4 °C. After clotting, the sera were separated by
centrifugation at 800 x g for 20 min. Sera were pooled, filter sterilized usinga 0.45
pm sterile acrodisc low protein binding filter (Gelman Sciences, Ann Arbor, MI), and
aliquoted (3 ml) into 15 ml centrifuge tubes. Sera were stored at -20 °C untiluse.
Gel Filtration Chromatoaraohv
Gel-exclusion chromatography of Fischer 344 rat and pig sera was performed at 4
°C using a 1.4 x 100 cm column of Sephacryl S-200 equilibrated andrun in 0.005188
M phosphate buffer, pH 7.5, containing 0.15 M NaCI and 0.04% (w/v) NaN3. Three
milliliters of Fischer 344 rat or pig serum were applied to the column. The flow rate
was 10 ml/hr and the volume collected in each tube was 5 ml. Absorbance of each
5mlfractionwas measuredat280 nm onaShimadzu UV 160U
Spectrophotometer.The fractions collected were pooled by combining three
successive 5 ml fractions together. The pooled fractions were dialyzed extensively
in Spectrapor membrane tubing with molecular weight cut off of 6000-8000
(Spectrum Medical Industries, Inc.; Los Angeles, CA) against .005 M phosphate
buffer, pH 7.5. The samples were lyophilized and dissolved in 3 ml DME/HAM's
medium. The dissolved fractions were sterilized by filtering through 0.45 pm sterile
Acrodisc low protein binding filter (Gelman Sciences, Ann Arbor, MI) prior to
bioactivity tests. Unused fractions were stored at -20 °C.
Stromal-Vascular Cell Isolation
Dissected tissue samples were put in a petri dish containing Krebs-Ringer
bicarbonate buffer (KRB, 37 °C; pH 7.4) containing 118 mM NaCI, 4.8 mM KCI, 10
mM HEPES, 5 mM glucose and 40 mg/L gentamicin sulfate, equilibrated with 95 %
02:5% CO2 and sterilized by filtering through a 0.22 pm filter (Nalgene Co,
Rochester, NY). Adipose tissue samples (3 g) were minced with sterile scissors and
digested for 1 h at 37 °C in a gyratory water bath in a 25 ml polypropylene flask
with 9 ml filter sterilized KRB buffer containing 3 % BSA and 2 mg/ml collagenase.
Digested tissue was filtered through a sterile single layer of polyester chiffon into
50 ml sterile polypropylene tubes. Floating adipocytes were separated from other189
cells by aspiring the infranatant with a sterile syringe fitted witha long needle. The
infranatant cell suspension was centrifuged at 800 x g for 10 min. S-V pelletswere
washed three times in DME/HAM's medium (1:1; v/v) containing 15 mM NaHCO3,
15 mM HEPES buffer (pH 7.4), 40 mg/L gentamicin sulfate and 2 mg/L Fungizone
supplemented with 10% FCS (plating medium).
Cell Culture
Aliquots of the S-V cells were removed, stained with Rappaport's stain and
counted on a hemocytometer. S-V cells were seeded in 3 ml plating mediumon
Corning 6 well (35 mm) tissue culture plates at a density of 3x 10 4 cells/cm'.
Cells were cultured at 37 °C under a humidified atmosphere of 95% air: 5% CO2;
24 hours later cells were washed 2 x 5 minutes and 1 x 1 hour with plating medium
without FCS.Cells were subsequently maintained in test media.Test media
consisted of plating without FCS supplemented with 20 pU/m1 insulin,1 ng/ml
triiodothyronine,25ng/mlhydrocortisone,10 Ng /mltransferrinwithout
supplementation (SF) or supplemented with 2.5% rat or pig serum (S)or serum
fractions (2.5% serum equivalent). Test media were changedevery 3 days until
day 12 when cultures were terminated and protein, DNA and sn-glycerol-3-
phosphate dehydrogenase were determined.
Enzyme Analysis
Sn-glycerol-3-phosphate dehydrogenase (GPDH; EC 1.1.1.8)was measured
by a spectrophotometric method for determination of oxidized NADH during GPDH-190
catalyzed reduction of DHAP (Kozak and Jensen, 1974) as modified by Wise and
Green, (1979).
DNA and Protein Content
DNA was assayed as described by LaBarca and Paigen (1980) using salmon
testes DNA as a standard. Protein content was determined by bicinchoninic acid
method (BCA) using bovine serum albumin as a standard (Pierce ChemicalCo.,
Rockford, IL).
Histochemistry
Representative wells from each treatment were fixed in 10% formalin,
stained with oil red 0 for lipid and counterstained with Harris hematoxylin(Boon and
Drijver, 1986) after 12 d of exposure to test media.
Statistical Analysis
Enzyme activity, DNA and cellular protein content data obtained from
cultured cells were subjected to one-way analysis of variance using thegeneral
linear models procedure (GLM) and differences betweenmean were determined by
Least Significant Difference (SAS, 1987).
RESULTS
Figure 7.1 shows the elution profiles of 3 ml of serum from three month old
male Fischer 344 rats and six month old pig serum pool froma 1.4 x 100 cm191
Sephacryl S-200 column. Eighty 5 ml fractionswere collected from each run of
pig or rat serum. Protein determination basedon absorbance at 280 nm of each 5
ml fraction indicated that protein eluted in ratserum fractions 12-47 and pig serum
fractions 12-41. The elution profile wasvery consistent from one run to another
and only slight differences were seen between absorbenciesof peaks of
corresponding fractions from both sera.
When three successive five milliliter fractionswere pooled, twelve fractions
from rat serum and ten from pig serum resulted. These fractionswere eluted at 60-
235 ml and 60-205 ml for rat and pig sera, respectively,as peaks corresponding to
molecular weight range of > 150 to < 1 kDas calculated on comparison with
standard proteins. Figures 7.2 and 7.3 show the effects of thepooled rat and pig
serum fractions, respectively, oncellular protein and DNA contents of cultured
porcine adipose S-V cells.Cellular protein and DNA contentswere similar in
cultures treated with fractions eluted at 130-235 and 130-205ml (mol. wt. :s 8 kD)
for rat and pig sera, respectively,as compared to serum free (SF) medium after
dialysis (data not shown).Cellular protein and DNA contentswere highest in
cultures treated with whole serum (Figs. 7.2 and 7.3).Cultures treated with rat
fraction two contained significantly higher proteincontent compared to SF and
other rat serum fractions while DNA content in culturestreated with rat serum
fractions one, two and three were significantly higher than DNAcontent in cultures
treated with SF (Fig. 7.2). Several of the pigserum fractions were not significantly
different in their ability to affect cellular protein contents, butpig serum fraction
two significantly increased cellular protein and DNA contents in culturedcells as192
compared to SF (Fig. 7.3).
Figures 7.4 and 7.5 show the effect of the pooled rat and pigserum
fractions,respectively,on GPDH activity,amarker enzyme ofadipocyte
differentiation in cultured S-V cells. Using GPDH activity of cells cultured in (SF)
as an index, the results show that fractions eluted at 130-235 ml and 130-205 ml
for rat and pig sera, respectively, promoted similar GPDH specific activity in cultured
porcine adipose S-V cells as compared to SF after dialysis (datanot shown).
Supplementation of SF with 2.5% whole serum (S) decreased GPDH specific
activity by 84 and 46 % for rat and pig sera, respectively. All pig andrat fractions
tested decreased GPDH specific activity in cultured S-V cellsas compared to SF.
Rat serum fraction two (mol. wt. range 67-150 kD) promoted significantly higher
GPDH specific activity compared with whole rat serum. Ratserum fraction two had
quantitatively higher GPDH specific activity than other ratserum fractions but this
was not statistically significant (Fig.7.4). Fraction three (mol. wt. range 17.8-42.7
kD) from both pig and rat sera produced effect similar to wholeserum on GPDH
specific activity.Pig serum fraction three significantly decreased GPDH specific
activity in cultured S-V cells compared with either whole pigserum (S) or SF. Pig
serum fraction three produced quatitatively lower GPDH specific activity than other
pig serum fractions and the effect was significant (P < .05; Fig. 7.5)
When GPDH activity was expressed on per well basis ratserum fraction two
(mol. wt. range 67-150 kD) produced quantitatively similar GPDH activityto SF; this
activity was higher than all other rat serum fractions. All other ratserum fractions
showed inhibitory effect. Cells cultured in rat serum fraction three had the lowest193
GPDH activity per well (Fig. 7.4).Several of the pig serum fractions produced
similar effct as SF when GPDH was expressed on per well basisbut fraction three
was inhibitory. S-V cells cultured in pig serum fraction three had the lowestGPDH
activity per well which was significantly different from whole pigserum and other
pig serum fractions (Fig. 7.5). Although elution profiles appearedsimilar only serum
fractions three from pig and rat showed comparable activity. GPDHactivity per unit
DNA was highest in cells cultured in SF and lowest in whole pigor rat serum and
fraction three of each (data not shown).
Figure 7.6 shows the photomicrograph of cultured cells.Fewer lipid
containing cells occurred in cultures treated with pigserum fraction three compared
to cultures treated with SF or whole pig serum, correspondingto GPDH
measurement. Similar result was obtained with rat serum fraction three.
DISCUSSION
The present study investigated the effects of pig andrat serum fractions
separated on Sephacryl S-200 column. Comparison of the elutionprofiles of serum
obtained from 3 month old male Fischer rats and 6 month old barrowsindicates that
the two sera are almost identical based on the number of proteinpeaks eluted. Rat
has additional serum protein that eluted as low molecular weight( < 2 kD) serum
components. Since corresponding fractions in pig serum are absent, thissuggests
that there are divergence in number of serum components fromthis two species.
In addition there are variations in the levels of corresponding fractionsfrom pig and
rat since the absorbance of corresponding peaks at 280nm vary. The variation194
might be due to species differencesor to certain physiological factors. Until specific
factors are purified and physiological factors responsiblefor their production
determined, what are responsible for the variations in levelsof corresponding
fractions from two different species could not be said withcertainty.
The corresponding fractions from pig andrat were evaluated to determine
their ability to promote growth and development of culturedS-V cells obtained from
newborn pigs. Cells were also cultured inserum free and serum containing media
to provide indices for which comparisons could be made. GPDH activityin cultured
cells was used as a biochemical marker of adipocyte differentiation(Pairault and
Green, 1979; Djian etal.,1983).DNA and protein were determined in
homogenized cells as indicators of cellular growth and cellnumber. After dialysis
of the serum fractions against phosphate buffer, GPDHactivity in cells cultured with
serum fractions eluted at peaks corresponding to molecular weight< 8 kD were
similar to GPDH in cells cultured with control media, SF,indicating that proteins or
serum components in those fractions have been dialyzed out and the resultobtained
was from the control medium. Since the molecular weight cut-off of thedialysis
membrane used was 6-8000 effect ofserum components < 8 kD on stromal-
vascular growth and development could not be evaluated in thepresent study. A
number of reports indicate that rat serum contains relativelysmall peptide with
molecular weight of 4-6 kD having adipogenic activity that iscertainly not insulin
(Loffler et al., 1983). A peptide of molecular weight 6-8 kDpurified from fetal calf
serum has differentiating effect on ob17 cells (Grimaldi et al., 1982).It is not
known if these small peptides are present in pigserum since the comparison of195
elution profiles of pig and rat sera revealed that some serumcomponents of low
molecular weight are absent in pig serum. These small peptidesmay also not have
a differentiating effect on porcine adipose stromal-vascular cells;it has been
reported that the factors that promote differentiation and adipose conversionof cell
lines are different from those that produce thesame effect in primary culture (Li et
al., 1989).
Serum contains adipogenic factors necessary for adipose conversion and
poorly defined "anti-adipogenic" factors (Loffler and Hauner, 1987).Serum
interferes with adipose conversion of cultured cells (Serrero and Mills,1987) and
serum free media promote a high rate of differentiation in stromal-vascular cells
obtained from adipose tissue of rat and human (Des lex et al., 1986;Serrero and
Mills, 1987) and rabbit (Reyne et al., 1989). The results of thepresent study are
in agreement with the reports of Des lex et al.(1986), Serrero and Mills(1987) and
Reyne et al. (1989). Addition of 2.5% pig or ratserum to SF caused reduction in
differentiation activity in cultured cells (Figs. 7.4 and 7.53); however,some cells
were still able to accumulate multilocular lipid droplets in their cytoplasm which
were stained with oil red 0 on day 12 (Fig. 7.6). This indicates thatsome S-V cells
grown in serum supplemented medium retained the ability to differentiate into
adipocyte. Alternatively, these might be cells thatare in the terminal phase of the
differentiation process and ready for lipid filling. Serum promoted cellular growth
and increased cell number as indicated by the cellular protein and DNAcontents.
Increased cellular growth and cell numbers might be attributableto increase in cell
types other than preadipocytes. This conclusion is supported by the results of oil196
red 0 staining. There are more numerous oil red 0 stained cells incultures grown
in SF as compared with SF supplemented with serum.
When the different serum fractions were evaluated for their differentiating
ability, rat serum fraction two (mol. wt. range 67-150 kD) promotedsimilar
differentiating activity as compared to SF when GPDH activitywas expressed on
per well basis (Fig. 7.2). Rat serum fraction one also promoted more cellular growth
than whole serum or SF as indicated by cellular protein and DNAcontent in cultured
cells.Activity of the corresponding fraction one from pigserum on cell
differentiation differed completely from its counterpart from rat. Thissuggests that
molecular weight might be the same but the nature of the activecomponents of
serum might differ from species to species. Preadipocyte Stimulating Factor (PSF)
with molecular weight between 68 and 58 kD has recently beenidentified in rat
serum. This factor is suggested to be highly species specific (Li et al., 1989).It
is not known whether rat serum fraction two containsa component similar to PSF;
further purification and characterization of this fraction is required.Fraction three
from both pig and rat sera inhibited differentiation activity in culturedcells but rat
serum fraction three was able to increase cell replication as compared to SF (Figs.
7.2 and 7.3).This shows that rat fraction three could playa dual effect on cell
growth.Protein factor from rat adipose tissue that specifically stimulate
proliferation of 3T3-L1 and Ob1771 cell lines and also inhibits preadipocyte
differentiation has recently been identified.This protein has apparent molecular
weight of 20 kD (Aoki et al., 1990).There are several other growth factors
including platelet derived growth factor that fall into the molecularweight range of197
fraction three obtained from Sephacryl S-200 column in the present study; further
exploration is required to determine the nature of this inhibiting factor(s).
There are several growth factors in serum interplaying as positive and
negative effectors.Identification of the different factors controlling adipocyte
proliferation and differentiation will increase our understanding of adipose tissue
development and possibly enhance our ability to define ways to control excessive
fat deposition in the body.198
FIGURE 7.1. Elution profile of 3 ml of pig and rat serum froma 1.4 x 100 cm
Sephacryl S-200 column. The column was equilibrated with .005 M phosphate
buffer, ph 7.5, containing .15 m NaCI and .04% (w/v) NaN3. The flowrate was 10
ml/hr. Molecular weight markers were run and their relative elution positionis
represented by the arrows (catalase, mol wt 232 kilodaltons, aldolase, molwt 150
kilodaltons, serum albumin, mol wt 67 kilodaltons,ovalbumin, mol wt 43
kilodaltons, chymotrypsinogen A, mol wt 25 kilodaltons and ribonuclease A, molwt
13.7 kilodaltons). Five milliliter fractions were collected. Three successive fractions
were pooled together to form individual fractions used for bioassay.2.5
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FIGURE 7.2. Protein and DNA contents of porcine stromal-vascular cells obtained
from adipose tissue of newborn pigs cultured in rat serum or serum fractions. Cells
were seeded on 6 well plate at a density of 3 x 104 cells/cm' in DME/HAM's
medium supplemented with 10% FCS for 24 h. Cells were extensively washed in
DME/HAM's medium without FCS and subsequently maintained in DME/HAM's
medium containing 10 pg/ml transferrin, 20 pU /mI insulin, 25 ng/ml hydrocortisone
and 1 ng/ml triiodothyronine (SF) supplemented with 2.5% whole rat serum (S) or
rat serum fractions (2.5% serum equivalent). Protein (A) and DNA (B) contents in
cultured cells were determined on d 12.Values are means ± SE of four
independent experiments performed on triplicate wells. Means with the same letter
are not significantly different at P< .05.800
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FIGURE 7.3. Protein and DNA contents of porcine stromal-vascularcells obtained
from adipose tissue of newborn pigs cultured in pigserum or serum fractions. Cells
were seeded on 6 well plate at a density of 3 x 104 cells/cm' in DME/HAM's
medium supplemented with 10% FCS for 24 h. Cellswere extensively washed in
DME/HAM's medium without FCS and subsequently maintainedin DME/HAM's
medium containing 10 pg/ml transferrin, 20 pU/m1 insulin,25 ng/ml hydrocortisone
and 1 ng/ml triiodothyronine (SF) supplemented with 2.5%whole pig serum (S) or
pig serum fractions (2.5% serum equivalent). Protein(A) and DNA (B) contents in
cultured cells were determined on d 12.Values are means ± SE of three
independent experiments performed on triplicate wells.Means with the same letter
are not significantly different at P< .05..--.4
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FIGURE 7.4. Sn-glycerol-3-phosphate dehydrogenaseactivity in stromal-vascular
cells obtained from adipose tissue of newbornpigs as influenced by wholerat
serum or serum fractions.Cells were inoculated on 6 well plateat a density of 3
x 104 cells/cm2 in DME/HAM's medium supplementedwith 10% FCS for 24 h.
Cells were extensively washed inDME/HAM's medium without FCS and
subsequently maintained in DME/HAM's mediumcontaining 10 pg /mI transferrin,
20 pU/m1 insulin, 25 ng/m1 hydrocortisoneand 1 ng/ml triiodothyronine (SF), either
supplemented with 2.5% whole ratserum (S) or rat serum fractions (2.5%serum
equivalent). GPDH activity in cultured cellswas determined on d 12. GPDH activity
is expressed (A) as specific activity(nmoles/min/mg protein) and (B)as GPDH per
culture well (nmoles/min/well).Values are means ± SE of fourindependent
experiments performed on triplicate wells.Means with the same letterare not
significantly different at P< .05.G
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FIGURE 7.5. Sn-glycerol-3-phosphate dehydrogenaseactivity in stromal-vascular
cells obtained from adipose tissue of newborn pigsas influenced by whole pig
serum or serum fractions. Cells were inoculated on 6 well plateat a density of 3
x 104 cells /cm` in DME/HAM's medium supplemented with 10% FCSfor 24 h.
Cells were extensively washedin DME/HAM's medium without FCSand
subsequently maintained in DME/HAM's containing 10pg /mI transferrin, 20 pU/m1
insulin, 25 ng/ml hydrocortisone and 1ng/mltriiodothyronine(SF),either
supplemented with 2.5% whole pigserum (S) or pig serum fractions (2.5% serum
equivalent). GPDH activity in cultured cellswas determined on d 12. GPDH activity
is expressed (A) as specific activity (nmoles/min/mgprotein) and (B) as GPDH per
culture well (nmoles/min/well).Values are means ± SE of three independent
experiments performed on triplicate wells. Means with thesame letter are not
significantly different at P< .05.-
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Figure 7.6. Photomicrographs of pig adiposestromal-vascular cells stained with oil
red 0 and hematoxylin. Cells were inoculatedat a density of 3 x 104 cells/cm2 and
grown in DME/HAM's medium containing 10% FCS for 24 h. after whichcells were
washed with DME/HAM's medium without FCS.Cells were subsequently grown
in DME/HAM's medium containing 10 pg/mltransferrin, 20 pU/m1 insulin, 25 ng/ml
hydrocortisone and 1 ng/ml triiodothyronine (A)supplemented with(B) 2.5%
whole pig serum or (C) pig serum fraction three(2.5% serum equivalent). On day
12 of culture, cells were washed with phosphatebuffered saline, fixed in 10%
formalin, stained with oil red 0 and counterstainedwith hematoxylin. Cytoplasmic
lipid droplets were stained red with oil red 0 whilenuclei were stained blue with
hematoxylin. Note the fat cell clusters formed in culturesgrown in whole pig serum
and the inhibition of lipid deposition by pigserum fraction three. Magnification =
100x. Bar = 200 p.11,
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SUMMARY
Although the origin of adipocyte precursor cells has not beenresolved,
radioisotopic studies show that newly synthesized adipocytescome from primordial
cells in the stromal fraction of adipose tissue. Culture of adiposestromal-vascular
(S-V) cells under suitable conditions results in the developmentof cells with
morphological and biochemical characteristics of mature adipocytes.The growth
of S-V cells in culture provides us with a valuable model other thanestablished cell
lines, some of which have undergone transformation andare considered abnormal
for the study of physiology and development of adipocytes.
Some studies of porcine adipose S-V cells in culture have usedserum in the
media because of the unavailability of suitableserum free systems. Serum contains
many components of which some are poorly characterizedor have not been
identified, thus use of serum in cell culture medium has inherentdisadvantage in
the study of hormones and factors regulating adipocytedevelopment. The presence
in serum of specific growth factors and several undefined factorscan confound the
results of studies designed to evaluate the roles of theseand other serum
components that influence growth and development of adipocyteprecursor cells.
In the present study, S-V cells obtained from mature pigswere used to establish
hormonal requirements of porcine adipose S-V cellsin culture.Insulin and
glucocorticoids are considered essential for the development of porcineS-V cells in
culture.Insulin and glucocorticoids were included at physiologicalranges with or213
without triiodothyronineina serum free system to studypigadipocyte
development. Insulin, hydrocortisone, and triiodothyronine at physiologicalranges
were used in subsequent experiments and provided a suitable serum free medium
for the culture of porcine S-V cells.
Several signals are responsible for triggering differentiationprocesses in cells.
It is not known whether signals responsible for growth and development of porcine
S-V cells come from cells themselves or are serum borne. The culture of S-V cells
from newborn and mature pigs in sera from both ages reveals that intrinsic activities
of the cells are responsible for the differences in growth and development ofcells
and not serum borne factors.Studies are needed to identify the differences
between cells from newborn and mature pigs. This will provide target(s)wso that
we employ cellular and molecular biology manipulation techniques to achieve body
compositional changes in meat producing animals. The present study also revealed
that serum from genetically lean pigs is more adipogenic thanserum from obese
pigs.It is likely that intrinsic activity of obese pig cells rather thanserum borne
factors is responsible for greater adipose tissuemass in genetically obese pigs.
Genetically lean and obese pigs are good models for the study ofextremes in tissue
growth. Identification of cellular defects that are responsible for increased adipose
tissue mass in obese pigs will increase our knowledge of adipocyte biology.
Fasted pig sera stimulated differentiation of rat and pig S-V cells and
decreased proliferation of rat S-V cells as indicated by DNA data, suggesting that
fasting can cause an increase in the levels and/or activities of factors influencing
adipocyte differentiation or proliferation.214
There are positive and negative growth factors in serum interplayingon
growth and development of adipocytes.When sera from rat and pig were
fractionated on a Sephacryl S-200 column, a serum fraction corresponding toa
molecular weight range of 17.8-42.7 kD was isolated from rat and pigsera that
inhibits pig S-V cell differentiation and lipidfilling.Further purification and
characterization of this factor is necessary so that its nature can be understood.
The presentfindings show thatratandpigadipose S-V cells become
morphologically different as they differentiate, and they appear to respond
differently to the same stimuli. Caution should be taken when extrapolating from
data from rat cell cultures to the situation in pigs.
The identification of various factors influencing adipocyte growth and
development should prove beneficial in devising effective means of reducing body
fat content in animals and should also make it likely for livestock producersto have
bases for selection of animals with potential for leanness or for excessive body fat
deposition.215
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